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PREFACE 


Dr. Julien Bogousslavsky and I, during a lunchtime conversation, 
thought of the idea of editing a book that would represent a source 
reference about various stroke syndromes and causes of stroke. 
The first publication appeared in 1995 and included: 1) patterns 
of symptoms and signs, 2) lesion patterns in patients with infarcts 
and hemorrhages in various brain locations and in various vas¬ 
cular territories, and 3) “patterns and syndromes that occur in 
unusual conditions that are known to cause stroke but that are 
not encountered very often." The book was conceived as a compi¬ 
lation of stroke syndromes and so was entitled Stroke Syndromes. 
The entire book contained 510 pages. The third section of the book 
entitled “particular vascular etiologic syndromes” consisted of 
15 chapters covered in only 95 pages. 

After the book was published and Bogousslavsky and I received 
considerable feedback and did our own postmortem thinking 
about the book, we concluded that: 1) the two main topics - 
syndromes and uncommon causes - were quite different, and 
2) each was inadequately covered in the initial publication. We 
decided to edit separate greatly expanded volumes on each topic. 
Stroke Syndromes, 2 nd edition, was published in 2001 and con¬ 
tained 54 chapters and 747 pages. A separate volume entitled 
Uncommon Causes of Stroke also appeared in 2001 and contained 
48 chapters and 391 pages. 

Uncommon Causes proved very successful but, as always, in 
carefully conducting a postmortem we found that there were many 
omissions and that some chapters were not optimally written. Fur¬ 
thermore, during the ensuingyears there were important advances 
in diagnostic technology, more physicians and researchers became 
involved in cerebrovascular disease-related activities, and there 
were many advances in therapeutics. We decided to edit a second 
edition of Uncommon Causes. 


A major change from the first edition is that I am the sole editor 
of this volume. Dr. Bogousslavsky and I together initially planned 
the outline and contributors to this second edition of Uncommon 
Causes, but he was not involved later in writing any of the chapters 
or in collecting or editing the chapters. The sole editorship allowed 
a somewhat more uniform style and language and collation of the 
various chapters. 

In this edition, I have attempted to simplify the English to 
make the chapters more easily read and understood by readers. 
I have also expanded the number of chapters and have revised the 
authorship of many of the chapters. I wrote or co-authored 13 of 
the chapters. I have also edited each chapter in the book to ensure 
that it is accurate, complete, referenced sufficiently, and authori¬ 
tative. I take sole responsibility for the final form of each chapter. 
This volume contains 71 chapters. 

I owe considerable thanks to Dr. Julien Bogousslavsky, who was 
the progenitor of the original idea of publishing a compilation 
of chapters on unusual stroke-related vascular conditions. He 
also deserves credit for helping to plan this volume. The staff at 
Cambridge University Press has been involved in all of the publi¬ 
cations in this series. Dr. Richard Barling was responsible for shep¬ 
herding the first volumes in this series and was initially involved 
in the planning of this volume. Rachel Lazenby worked with me 
to ensure that the authors submitted completed chapters in the 
time assigned. Matthew Byrd deserves considerable credit for cre¬ 
ating the final proofs and nursing the volume into print. Nicholas 
Dutton, Laura Wood, and others at Cambridge University Press 
were also instrumental in ensuring publication. Most of all I thank 
my colleagues who wrote the chapters and put up with my fre¬ 
quent prodding and cajoling. They have done an outstanding 
job. 


Louis R. Caplan MD 
Boston, Massachusetts 
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PART I: INFECTIOUS AND INFLAMMATORY CONDITIONS 

ISOLATED ANGIITIS OF THE CENTRAL NERVOUS SYSTEM 

Mathieu Zuber 


Isolated angiitis of the central nervous system (CNS) is a rare 
condition with an incidence estimated at less than 1:2 000000 
(Moore, 1999). It was defined, in 1959, as an idiopathic vasculi¬ 
tis restricted to small leptomeningeal and parenchymal arteries 
and veins, without apparent systemic involvement (Cravioto and 
Feigin, 1959). Almost 50 years later, the affliction remains poorly 
recognized, and its pathogenesis mysterious, despite the growing 
pool of knowledge on processes responsible for CNS inflamma¬ 
tion. The term “primary angiitis” is sometimes preferred to “iso¬ 
lated angiitis" because complete autopsies are rarely performed 
and minor abnormalities are occasionally observed in systemic 
organs of patients who died from so-called isolated CNS angiitis 
(Johnson et al., 1994). In numerous patients with no histological 
proof of vascular inflammation, the descriptive term “angiopathy” 
is more appropriate than “angiitis,” but the latter term has often 
been overused in the recent literature. 

Although stroke most often reveals the disease, it appears as 
the initial manifestation in only a minority of patients. Because 
of the protean clinical symptoms and blurred diagnostic criteria, 
identification is a difficult challenge for all clinicians. 


Pathology and pathogenesis 
Pathological picture 

Isolated CNS angiitis has been referred to by several names 
descriptive of the pathological findings: granulomatous angiitis of 
the CNS, giant cell granulomatous angiitis of the CNS, and cerebral 
granulomatous angiitis have all been used interchangeably (Han- 
key, 1991; Rhodes et al., 1995). This variable terminology partly 
reflects the difficulty in separating isolated CNS angiitis as a patho¬ 
logical entity from systemic disorders, such as giant cell tempo¬ 
ral angiitis or sarcoidosis, themselves occasionally responsible for 
CNS angiitis. 

The nonspecific pathological pattern of isolated CNS angiitis is 
characterized by infiltrations of the vascular walls with mononu¬ 
clear cells including lymphocytes, macrophages, and histiocytes. 
Fibrinoid necrosis is occasionally seen, especially in the acute 
phase (Craviato and Feigin, 1959; Hankey, 1991; Lie, 1992; Rhodes 
et al., 1995). In about 85% of patients, granulomas with epithe¬ 
lioid cells and giant Langerhans cells are described. The degree of 
this granuloma formation is variable. In early disease, granulomas 
are often not found. The misleading terminology “granulomatous 


angiitis,” should no longer be used to describe isolated CNS angi¬ 
itis. The inflammatory lesions may sometimes spread to all the 
vascular wall layers but preservation of the media is the rule. Pure 
lymphocytic infiltration is rare, but it may be more frequent in 
childhood (Lanthier etal., 2001). 

Vascular abnormalities primarily involve small- and middle- 
sized arteries and, less frequently, veins and venules. Arteries less 
than 500 |j.m in diameter may be solely affected. In most cases, 
leptomeningeal involvement is a dominating feature, with less 
consistent parenchymatous vascular involvement in white mat¬ 
ter and gray matter. The segmental involvement of vessels may be 
responsible for false-negative histological results. 


Pathogenesis 

The pathogenesis of isolated CNS angiitis is unknown and progress 
is slow because of the rarity of tissue samples acquired from care¬ 
fully documented cases. CNS inflammation activates the brain¬ 
stem noradrenergic and trigeminovascular responses, contribut¬ 
ing to reduction of regional vascular blood flow (Moore, 1998). This 
activation could enhance the appearance of arterial stenosis. 

Isolated CNS angiitis is nowregarded as an immunological, non¬ 
specific T-cell-mediated inflammatory reaction rather than a spe¬ 
cific entity (Calabrese etal., 1997; Ferro, 1998; Moore, 1998). This 
view is in accordance with: 

1. the wide spectrum of diseases described in association with 
isolated CNS angiitis, 

2. the limited known responses of the CNS blood vessels to a vari¬ 
ety of noxious stimuli, and 

3. the clinical and pathological heterogeneity of the disorder 
(although this may reflect individual differences in the host 
response). 

The reason why the inflammatory response to various factors may 
be maladaptive and leads to disease remains mostly speculative. 
Chronicity of the stimuli, concurrent diseases, and genetic suscep¬ 
tibility are probably critical factors (Moore, 1998). According to the 
view that isolated CNS angiitis is probably a heterogeneous syn¬ 
drome rather than a single entity, new conditions might emerge 
in the future that are placed in this category. 

Indeed, instances of isolated CNS angiitis have been reported 
after various infections, such as mycoplasma, varicella zoster, or 
arbovirus infections (Chu et al., 1998). Both mycoplasma- and 
virus-like particles were identified in glial cells and cerebral blood 
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vessels of patients with isolated CNS angiitis (Arthur and Margolis, 
1977; Linnemann and Alvira, 1980). Moreover, histological pat¬ 
terns very similar to isolated CNS angiitis have been reported in 
herpes zoster arteritis (Chu et al., 1998) and a well-documented 
case previously published as CNS angiitis was recently shown to 
be in fact related to varicella zoster infection (Gilden et al., 1996). 

When angiitis is described in association with lymphoma, it usu¬ 
ally remains unclear whether it is due to a malignant lymphopro- 
liferative infiltration, the reactivation of some remote viral infec¬ 
tion, or to nonspecific inflammatory mechanisms, such as those 
suspected to be responsible for isolated CNS angiitis (Greer et al., 
1988). Angiitis was also found to coexist with cerebral amyloid 
angiopathy (Fountain andEberhard, 1996; Gray etal., 1990). Angi¬ 
itis is more probably an inflammatory response to (3-A4-amyloid 
deposits than itself responsible for the amyloid deposition (Foun¬ 
tain and Eberhard, 1996; Yamada et al., 1996). Patients with such 
association of both pathological lesions present with unusual clin¬ 
ical features (see the following Section). This so-called amyloid- 
related angiitis is a good example of a well-defined entity newly 
extracted from the wide spectrum of isolated CNS angiitis (Scold¬ 
ing et al., 2005). More recently, a case associating isolated CNS 
angiitis and cerebral autosomal dominant arteriopathy with 
subcortical infarcts and leukoencephalopathy (CADASIL) was 
reported (Schmidley etal., 2005). 

Clinical features 

The clinical presentation of CNS angiitis is highly variable because 
virtually any anatomic area of the CNS maybe affected by the angi¬ 
itis. Angiitis (whatever its cause) may thus mimic a wide range of 
CNS diseases. Isolated CNS angiitis has no specific symptoms that 
help to distinguish it from other causes of CNS vasculopathies, 
either infectious or noninfectious (Zuber et al, 1999). A wide 
range of evolution has also been reported, stretching from a quasi- 
indolent disease to death in a few months (Calabrese and Mallek, 
1988;Hankey, 1991; Johnson etal., 1994). A subacute deterioration 
is most often observed. Relapsing symptoms are described. 

Isolated CNS angiitis is twice as frequent in males as in females 
and onset most often occurs after 40 years of age. However, the dis¬ 
ease can affect all age categories and cohorts of children with the 
condition were recently reported (Aviv et al., 2006; Benseler et al., 
2005; Lanthier etal., 2001). Conversely, mean age at presentation 
is unusually high (more than 65 years of age) in patients with 
p-amyloid-related angiitis (Scolding etal., 2005). 

Headache is the most common presenting symptom of isolated 
CNS (occurring in two-thirds ofpatients), and it is variable both in 
quality and severity (Hankey, 1991). Nonfocal symptoms, suchasa 
fluctuating level of consciousness or a decrease in memory, asso¬ 
ciated with headaches, are typical of CNS angiitis and sometimes 
combine in an encephalopathic clinical pattern (Calabrese et al., 
1997). Abnormalities in cognition and behavior are present in most 
patients with p-amyloid-related angiitis (Scolding etal., 2005). In 
some patients, headaches may suggest a chronic meningitis (Reik 
etal., 1983). 

All types of strokes have been observed in CN S angiitis including 
definite cerebral infarcts, transient ischemic attacks (TIAs), and 


Table 1.1 Causes of cerebral angiitis (adapted from Zuber 
etal., 1999) 

Infectious angiitis 

Varicella zoster/Herpes zoster 
Cytomegalovirus infection 

Human immunodeficiency virus 

infection 

Mycotic and parasitic infections 
Syphilis 

Borrelia burgdorferi 

Tuberculosis 

Purulent bacterial meningitis 

Bacterial endocarditis 

Primary systemic angiitis 

Polyarteritis nodosa 

Necrotizing 

Churg and Strauss angiitis 

Giant cell 

Cogan’s syndrome 

— Granulomatous 

Temporal angiitis 

- Others 

Takayasu’s arteritis 

Wegener’s granulomatosis 
Lymphomatoid granulomatosis 
Hypersensitivity angiitis, Kawasaki’s 

arteritis 

Burger’s disease 

Susac’s syndrome 

Kohlmeier-Degos disease 

Acute posterior multifocal placoid 
pigment epitheliopathy 

Angiitis secondary to 

Systemic lupus erythematosus 

systemic disease 

Sjogren’s syndrome 

Behfet’s disease 

Sarcoidosis 

Rheumatoid polyarthritis 

Scleroderma 

Mixed connectivitis 

Dermatomyositis 

Ulcerative colitis 

Celiac disease 

Angiitis associated with 

Hodgkin’s disease and non- 

neoplasia 

Hodgkin’s-type lymphoma 
Malignant histiocytosis 

Hairy ceil leukemia 

Neoplastic meningitis 

Angiitis associated with 

Illicit drugs (cocaine, crack) 

drug abuse or treatments 

Isolated angiitis of the CNS 

Sympathomimetic agents 
Amphetamine and relatives 
Transplantations 

Radiotherapy 


intraparenchymal and subarachnoid hemorrhages (Biller et al., 
1987; Johnson et al., 1994; Koo and Massey, 1988; Kumar et al., 
1997; Moore, 1989). Intracranial bleedings could be more prevalent 
than ischemic strokes but this has not been systematically stud¬ 
ied. These various intracranial bleedings are posited to result from 


2 






Isolated angiitis of the central nervous system 


vessel wall weakening resulting from transmural inflammation 
(Kristoferitsch et al., 1984; Negishi and Sze, 1993). A multi-infarct 
state has been reported in some patients with CNS vasculitis (Koo 
and Massey, 1988). 

In a critical review of isolated CNS angiitis patients, stroke was 
not found to be the presenting symptom in any of the histolog¬ 
ically proven cases (Vollmer et al., 1993). However, a stroke-like 
presentation in a patient with pre-existent diffuse cerebral symp¬ 
toms should prompt a search for radiological signs in favor of 
angiitis. Subarachnoid hemorrhage was the presenting manifes¬ 
tation in several isolated CNS angiitis patients (Kumar etal., 1997; 
Nishikawa etal, 1998; Ozawa etal., 1995). 

Beside strokes, seizures and cranial neuropathies are other 
focal symptoms that occur in patients with isolated CNS angiitis 
(Hankey, 1991). A mass lesion presentation accounts for about 
15%ofpatients.Anecrotic unihemispheric presentation has rarely 
been reported (Derry et al., 2002). Spinal cord involvement may 
be inaugural with a progressive paraparesis as the most common 
clinical manifestation (Bhibhatbhan etal., 2006; Calabrese et al., 
1997). Exceptionally, the presence of spinal root pain may reveal 
an angiitis limited to the cauda equina (Harrison, 1976). Isolated 
CNS angiitis was also diagnosed in three patients with a posterior 
leukoencephalopathy characterized by major visual disturbances 
(Wijdicks etal., 2003). On the whole, focal symptoms are observed 
in about 50% of patients (Calabrese and Mallek, 1988). However, 
focal symptoms nearly always occur in the setting of diffuse higher 
cortical impairment. 

Fever is observed in 15% of patients and this confounding fea¬ 
ture may be responsible for extensive systemic diagnostic testing 
(Hankey, 1991). If a patient has systemic complaints in addition 
to the cerebral symptoms, appropriate investigations will usually 
reveal some diffuse disorder responsible for multiorgan vasculitis. 
It is well-known that CNS angiitis, although rare, is one of the most 
serious complications of connective diseases and was described 
in most of them (Table 1.1). 

Depending on the various clinical presentations, the differen¬ 
tial diagnostic considerations are numerous. Meningoencephali¬ 
tis, multiple sclerosis, abscess, and stroke of other mechanisms 
are the most frequently discussed in patients with acute or sub¬ 
acute onsets. A progressive onset may suggest neoplastic disease 
or dementia. Specific causes may also be discussed depending on 
the context, such as giant cell temporal angiitis in the elderly with 
headaches or BehceL’s disease in a young Mediterranean patient 
with subacute rhombencephalitis. 

Isolated CNS angiitis should also be distinguished from 
reversible cerebral vasoconstriction syndrome (the so-called Call- 
Fleming syndrome), a disease characterized by arterial vasocon¬ 
striction and much more frequent, in fact, than cerebral angi¬ 
itis (Call et al., 1988) (see Chapter 67). Segmental stenoses are 
located on medium-sized cerebral arteries and spontaneously 
resolve within weeks to months, although ischemic or hemor¬ 
rhagic stroke may occasionally develop (Ducros et al., 2007). 
The clinical presentation in patients with reversible angiopathy 
is most often different from cerebral angiitis, with an identi- 
hed triggering condition for vasoconstriction, severe thunder¬ 
clap headaches, and rapid improvement under nimodipine or 



Figure 1.1 MRI abnormalities in patients with IACNS. (a) and (b) (same 
patient, T1- and T2-weighted sequences). Large infarction in the ACA territory 
(arrow) associated with deep profound infarctions (small arrows) and anterior 
leukoencephalopathy (arrowheads), (c) Lobar hemorrhage revealing IACNS. 

other calcium channel blocker treatment (Zuber et al., 2006). 
MR angiography shows arterial stenoses supporting the diag¬ 
nosis in most cases and normalization of the vessel’s caliber is 
observed on serial procedures, in association with clinical relief 
(Figure 1.1). 
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Figure 1.1 ( cont.) 


Diagnostic procedures 

The cerebral arteries are separated from brain tissue by the blood- 
brain barrier so that biological markers supporting the diag¬ 
nosis of isolated CNS angiitis are not found in most patients. 
The sedimentation rate is moderately increased in about 30% of 
biopsy-confirmed isolated CNS angiitis patients (Hankey, 1991). 
No immunological marker has been identified to date and antinu¬ 
clear, antiphospholipid, and antineutrophil cytoplasmic antibod¬ 
ies are invariably normal. Cerebrospinal fluid (CSF) inflammation 
(moderate lymphocytic pleiocytosis, elevated protein, and nor¬ 
mal glucose) is observed in about 90% of patients with histologi¬ 
cally confirmed isolated CNS angiitis (Calabrese etal., 1997) and is 
important (although highly nonspecific) for presumption of CNS 
vasculitis in a patient with stroke of remote origin. Oligoclonal 
bands are seldom reported. The CSF should always be cultured 
owing to possible CNS vasculitis due to viral, fungal, or indolent 
bacterial infections (Table 1.1). 

Perivascular inflammatory lesions may be found in the retina, 
and fundoscopy has been reported as a valuable diagnostic tool 
in isolated CNS angiitis (Ohtake et al., 1989). Optic fluorescein 
angiography could also be useful, especially in patients with nor¬ 
mal cerebral angiography (Scolding etal., 1997). 

Brain imaging 

Both cranial CT scans and MRIs show nonspecific abnormali¬ 
ties in CNS angiitis. The sensitivity of CT scan is low, at about 



Figure 1.2 (a), (b), and (c). Cerebral angiography in patients with IACNS. Note 
the multiple stenoses on small- and middle-size arteries (arrows and 
arrowheads) delineating "sausage-like" appearances. 


30%. MRI is of course more sensitive (about 80%), especially in 
detecting small brain lesions (Chu et al., 1998) (Figure 1.2). The 
most common CT scan finding is focal or multifocal low density 
areas of varying sizes. Association with multiple parenchymal con¬ 
trast enhancement and focal cerebral atrophy, or combination of 
both ischemic and hemorrhagic strokes, in the same patient is 
suggestive. Apart from signs of recent ischemic or hemorrhagic 
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Figure 1.3 Serial MR angiography showing (a) multiple stenoses and filling defects on middle-size cerebral arteries and (b) complete resolution at one month in a 
reversible cerebral angiopathy. Adapted from Zuber et al. (2006) with kind permission of Springer Science and Business Media. 


strokes, MRI frequently reveals nonspecific high intensity signals 
on T2-weighted sequences, sometimes responsible for leukoen- 
cephalopathy. Disseminated T2 hypersignals in white matter with 
no periventricular localization could indicate CNS angiitis, by con¬ 
trast with the hypersignals described in multiple sclerosis (Miller 
et al., 1987). Children with isolated CNS angiitis often have mul¬ 
tifocal and supratentorial but unilateral lesions (Avi v etal., 2006). 
Intracerebral hemorrhage, either in the cortex or the white mat¬ 
ter, may occur as a result of infarction or focal necrosis of ves¬ 
sel walls (Hunn et al., 1998). Hemorrhage is more frequent in 
isolated CNS angiitis than in infectious angiitis (Pierot et al., 
1991). 

The fluid-attenuated inversion recovery (FLAIR) sequence may 
provide strong suspicion for distal intracranial arterial stenoses 
by showing several hyperintense vessel signs due to abnormal 
arterial blood flow kinetics (Iancu-Gontard et al., 2003). Linear 
and punctate patterns of leptomeningeal enhancement accom¬ 
panied by both hemispheric and penetrating vessels are observed 
in up to 60% of patients with isolated CNS angiitis, sometimes 
without significant parenchymal abnormalities (Chu et al, 1998; 
Negishi and Sze, 1993). However, in my experience, visualization 
of leptomeningeal contrast enhancement is much less frequent. 
Recently, apparent diffusion coefficient mapping of the normal¬ 
appearing brain showed that abnormalities in patients with 
CNS angiitis are more diffuse than previously suspected (White, 
etal., 2007). 

Unusual CT scan and MRI presentations have been occasionally 
observed, including pseudotumoral lesions, repeated parenchy¬ 
mal or ventricular bleeding, multiple punctuate parenchymal con¬ 
trast enhancement (milliary appearance), or diffuse white matter 
involvement suggesting a primary demyelinating disease (Finelli 
etal., 1997; Hankey, 1991; Kristoferitsch etal., 1984). 


Angiography 

The angiographic features characteristic of isolated CNS angiitis 
are multifocal stenoses rendering a sausage-like appearance with 
ectasia and occasional arterial occlusions (Figure 1.3). If the dis¬ 
ease is restricted to arteries less than 500 p,m in diameter, angiog¬ 
raphy will be reported as normal. A normal angiographical pattern 
is reported in up to 50% of patients, and abnormalities may only 
appear on repeated procedures (Kadkhodayan etal., 2004; Linne- 
mann and Alvira, 1980; Zuber etal., 1999). Angiography-negative 
isolated CNS angiitis maybe observed whatever the age, including 
in childhood (Benseler etal., 2006). Intracerebral aneurysms and 
even multiple vanishing aneurysms have been seldom reported 
(Nishikawa et al., 1998), but the pattern never mimics large ectasias 
of the arteries of the circle of Willis, similar to what has been typ¬ 
ically reported in children and young adults with infections such 
as HIV (Kossorotoff etal., 2006). Multiple microaneurysms, a very 
characteristic radiological pattern in peripheral tissues with vas¬ 
culitis such as periarteritis nodosa, are invariably absent in isolated 
CNS angiitis (Chu etal., 1998). 

Because of the recent widespread development of the tech¬ 
niques, MR angiography and CT angiography are increasingly 
used as the first line radiological procedures for exploration of 
the intracerebral arteries in case of suspected CNS vasculitis. The 
sensitivity of both techniques for small cerebral vessel visualiza¬ 
tion has unquestionably improved over the past years. However, 
this sensitivity remains lower than with conventional angiogra¬ 
phy. Angiography has not been found to provide excessive risk in 
a large number of patients with suspected CNS vasculitis (0.8% 
of persistent morbidity) (Heilman etal., 1992). For these different 
reasons, we believe that conventional angiography should still be 
regarded as the gold standard when CNS vasculitis is suspected. 
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Brain biopsy 

The diagnosis of definite isolated CNS angiitis relies upon brain- 
leptomeningeal biopsy in all cases. The ideal diagnostic brain 
biopsy is a 1 cm wedge of cortex including leptomeninges and 
preferably containing a cortical vessel (Moore, 1989). Including 
leptomeninges in the biopsy is crucial because leptomeningeal 
involvement is a dominating pathological feature in isolated CNS 
angiitis (Hunn etal., 1998; Zuber etal., 1999). Among ten histologi¬ 
cally confirmed isolated CNS angiitis patients, diagnostic changes 
were observed solely in leptomeningeal vessels in three patients 
(Chu etal., 1998). False-negative biopsy results may be observed, 
particularly because of the segmental involvement of vessels, and 
cases with pathological features typical of isolated CNS angiitis 
recognized only on a recurrent biopsy have been reported. For 
patients without focal lesions, the preferred biopsy site is the pre¬ 
frontal area or the temporal tip of the nondominant hemisphere. 
Nonspecific abnormalities found on brain imaging should pro¬ 
vide useful information for selecting the biopsy site. However, 
mismatches between the radiological abnormalities and histolog¬ 
ical predominant lesions may explain false-negative biopsy results 
(Oliveira etal., 1994). The use of stereotactic needle biopsies may 
account for a significant number of sampling errors because it 
lowers the sensitivity of biopsy to approximately 50% (Duna and 
Calabrese, 1995). This procedure should therefore be confined to 
cases with an isolated profound pseudotumoral lesion. Cultures 
of brain tissue and leptomeninges using special stains for various 
microorganisms should be systematically performed. The mor¬ 
bidity rate of brain biopsy (0.03%-2%) (Chu et al., 1998; Hankey, 
1991) cannot be overlooked but must be balanced against the risks 
of unnecessary immunosuppression. 

Diagnostic strategy 

Recognizing CNS angiitis is one of the most challenging neurolog¬ 
ical diagnostic problems. The reasons for this include: 

1. relative rarity of the disorders, 

2. lack of specificity for clinical signs and symptoms, 

3. lack of efficient noninvasive diagnostic tests, and 

4. inaccessibility of the end organ tissues for pathologic examina¬ 
tion (Touze and Meary). 

The following diagnostic criteria were proposed by Moore (1989): 

1. association of headaches and multiple neurological deficits that 
persist for at least 6 months, 

2. segmental arterial stenoses on cerebral angiograms, 

3. exclusion of any infectious or inflammatory cause, and 

4. inflammatory lesions of the vascular wall on cerebral and/or 
leptomeningeal biopsy or exclusion of all other causes of cere¬ 
bral angiitis. 

Because of lack of specificity, there is currently no consensus 
regarding the appropriate use of brain imaging, angiography and 
brain biopsy for the diagnosis of isolated CNS angiitis (Duna and 
Calabrese, 1995; Harris et al., 1994; Kadkhodayan et al., 2004). 
There has been a recent trend towards diagnosing isolated CNS 
angiitis with angiography without tissue confirmation, at least in 
a subset of patients with a self-limited clinical course (Abu-Shakra 


Table 1.2 Causes of segmental intracranial arterial narrowing 
(adopted from Zuber et al., 1999) 


Cerebral angiitis, either: 

- primary or secondary 

- inflammatory or infectious 

Intracranial dissection: 

- traumatic 

- spontaneous 

- underlying vasculopathy (fibromuscular dysplasia) 
Intracranial atherosclerosis 

Recanalizing embolism 
Vasospasm: 

- acute hypertension 

- reversible cerebral angiopathy 

- migraine 

Moya-moya 
Cerebral radiotherapy 
Tumor encasement: 

- meningioma 

- chordoma 

- pituitary adenoma 

- gliomatosis cerebri 

Sickle cell anemia 

Neurofibromatosis 

Dysgenesis 


et al., 1994). The problem is that we do not have early prognostic 
markers of isolated CNS angiitis and the disease may rapidly kill 
in the absence of appropriate treatment. 

Fewbut important studies focused on the specificity of radiolog¬ 
ical signs suggestive for isolated CNS angiitis and asked whether 
these signs were predictive of a positive biopsy. Among MRI signs 
useful for the diagnosis of isolated CNS angiitis, leptomeningeal 
enhancement was found to be more sensitive than parenchy¬ 
mal abnormalities (Chu et al., 1998; Duna and Calabrese, 1995). 
It should be stressed that the combination of normal MRI and 
CSF test results had a strong negative predictive value and allowed 
exclusion of CNS vasculitis in most clinical situations (Calabrese 
et al, 1997). Whether high-resolution 3 Tesla MRI could provide 
more information than standard MRI for the diagnosis of isolated 
CNS angiitis remains to be determined. 

In addition to a rather low sensitivity in showing arterial abnor¬ 
malities when isolated CNS angiitis is suspected, conventional 
angiography has a low positive predictive value and specificity. As 
shown in Table 1.2, arterial stenoses in the brain may result from 
to various conditions, among which intracranial atherosclerosis 
and hypertensive vasospasms are the most frequently observed. 
The classical sausage-like segmental stenoses seem to be even 
more frequent in atherosclerosis or reversible cerebral angiopa¬ 
thy than in isolated CNS angiitis (Chu etal., 1998). Topographical 
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considerations may help for the differentiation: involvement of 
the supraclinoid carotid arteries and of the proximal MCA is usual 
in intracranial atherosclerosis, while more distal arteries are pre¬ 
dominantly affected in isolated CNS angiitis. Arterial calcifica¬ 
tions on a CT scan in the vicinity of stenoses may also be con¬ 
sidered as indicative for intracranial atherosclerosis (Zuber etal., 
1999). Variations in stenoses on serial angiography are seen in 
CNS angiitis, but the pattern is also observed in reversible cerebral 
angiopathy. 

Given first the lack of specific clinical and radiological fea¬ 
tures of isolated CNS angiitis, second the statistical likelihood 
of dealing with an alternative disorder, and third the morbidity 
associated with immunosuppressive regimens, we believe that 
early biopsy verification should be discussed in all patients with 
clearly suspected CNS angiitis (Calabrese et al., 1997; Chu et al., 
1998). This assertion is reinforced by the recent publication of 
25 patients with suspected primary CNS angiitis and negative 
brain biopsy: those who received an immunosuppressive therapy 
were not found to have a better outcome (Alreshaid and Powers, 
2003). 

The accuracy of diagnosis should be revisited periodically when 
the surgical procedure is delayed because of lack of evidence for 
CNS angiitis. Among stroke patients, the biopsy should be espe¬ 
cially considered when headaches are prominent and associated 
with CSF and MRI abnormalities. 

Treatment and prognosis 

Reports before 1980 uniformly concluded that isolated CNS angi¬ 
itis is a more or less rapidly fatal disease. This failed to account for 
the fact that isolated CNS angiitis was invariably diagnosed late 
in the evolution of the disease. In addition, no treatment regimen 
had been proposed in most patients. 

Owing to the rarity of the disease, no controlled therapeutic trial 
has been conducted in isolated CNS angiitis to date, either diag¬ 
nosed by leptomeningeal biopsy or by angiography. In a review of 
46 patients, 19 of the 20 nontreated patients rapidly progressed 
either to death or to the persistence of severe sequelae, while 4 
of the 13 patients treated by corticosteroids alone and 10 of the 
13 treated by a combination of corticosteroids and cyclophos¬ 
phamide showed favorable progression (Calabrese and Mallek, 
1988). More recent analysis of isolated CNS angiitis patients sug¬ 
gests that the prognosis of the disease is not uniformly unfavor¬ 
able. The results of a retrospective series of 105 patients showed 
that isolated CNS angiitis is more prone to relapse during pro¬ 
longed periods when arterial abnormalities are located on small¬ 
sized arteries rather than on middle-sized arteries (MacLaren etal., 
2005). Combined aggressive therapy should be reserved for those 
patients with histologically proven isolated CNS angiitis and a 
deteriorating clinical status. In these patients, the combination 
therapy should be pursued for at least 6-12 months after the 
patient is in remission. According to the treatment of systemic 
vasculitis, cyclophosphamide is usually prescribed intravenously. 
Alternative treatment with azathioprine or methotrexate can be 
proposed when cyclophosphamide is not well-tolerated, but no 
valuable experience with other immunosuppressive drugs than 


cyclophosphamide has yet to be published. To our knowledge, 
intravenous gammaglobulins, a treatment regimen occasionally 
proposed in cerebral angiitis with systemic diseases (Canhao 
etal., 2000), has not been used in isolated CNS angiitis patients. 

The activity of the disease under treatment is appreciated using 
clinical, biological, and radiological monitoring. Regression of 
CSF abnormalities may parallel clinical improvement (Oliveira 
et al., 1994). The successful use of serial angiography has been 
reported (Alhalabi and Moore, 1994), but MR angiography or angio 
CT scans are also increasingly used for follow-up. Transcranial 
doppler occasionally reveals improvement of the cerebral circu¬ 
lation under treatment (Ritter et al., 2002). Clinical stabilization 
for years with discontinuation of treatment has been described 
in occasional cases, as well as improvement of the MRI appear¬ 
ance, and the disappearance of vessel wall inflammation years 
after immunosuppression (Ehsan el al., 1995; Johnson etal., 1994; 
Riemer et al., 1999), but a prolonged neurological supervision is 
necessary because relapsing episodes are possible. 

In patients with a unique focal presentation such as stroke, and 
with isolated CNS angiitis suspected on the basis of angiogra¬ 
phy alone, a course of several-weeks of high-dose corticosteroids 
associated with a calcium channel blocker and no immunosup- 
pressor has been proposed (Calabrese etal., 1997). The diagnosis 
of reversible cerebral angiopathy should be carefully considered 
in these patients. Any additive vasoconstrictive stimuli including 
uncontrolled hypertension should be avoided. 
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TEMPORAL ARTERITIS 

A. Wesley Thevathasan and Stephen M. Davis 


Introduction 

Temporal (giant cell) arteritis is a systemic disease, involving 
various medium-sized and larger arteries, that occurs mostly in 
elderly patients. In addition to the classical clinical symptoms 
of headache, jaw claudication, and polymyalgia rheumatica syn¬ 
drome, neurological manifestations are common. Blindness due 
to ischemic optic neuropathy is probably the most common and 
most feared sinister manifestation of the disease, but stroke is the 
leading cause of death in patients with temporal arteritis (Caselli 
etal., 1988). Temporal arteritis was first described by Hutchinson 
(1890) and later by Horton etal. (1934). The original clinical report 
described an elderly man, who was unable to wear his hat because 
of scalp pain. He had inflamed and hardened superficial tempo¬ 
ral arteries on examination. The disease is variously called either 
"temporal arteritis” or "giant cell arteritis.” The term “temporal 
arteritis” refers to the characteristic involvement of the superficial 
temporal arteries, while the term “giant cell arteritis” emphasizes 
the systemic nature of the disease and the characteristic pathology, 
with giant cells being typically present in the vessel wall (Figures 2.1 
and 2.2). 

On a sinister historical note, it was even suggested that Adolf 
Hitler might have had the disease in the 1940s, with recorded symp¬ 
toms of headache, impaired vision, sensitivity to pressure in the 
temporal regions, swollen temporal arteries, constitutional symp¬ 
toms, and a raised erythrocyte sedimentation rate (Redlich, 1993). 
Others however, have suggested cluster headache as an alternative 
diagnosis (Schmidt, 1994). 

Pathology 

Temporal arteritis is a medium- and large-vessel vasculitis that 
tends to involve cranial branches of the aorta. Additionally, pref¬ 
erence for vessels with a high elastic component means that 
the ophthalmic, posterior ciliary, and vertebral branches of the 
external carotid are most commonly affected (Goodman, 1979; 
Wilkinson and Russell, 1972). Intracranial involvement is very rare 
(Gibb etal., 1985; Mclean etal., 1993). 

However, temporal arteritis is a systemic vasculitis with a well- 
described extracranial involvement. (Klein et al., 1975). Involve¬ 
ment of mesenteric vessels can cause abdominal pain. Limb clau¬ 
dication and Raynaud’s phenomena can result from subclavian 
and femoral artery disease (Klein et al., 1975). Angiography is 


sometimes a useful procedure when used to distinguish arteri¬ 
tis from atherosclerotic disease in these settings (Gillanders, 1969; 
Klein etal., 1975;). Aortic aneurysm and dissection is now increas¬ 
ingly recognized as a late complication of temporal arteritis (Evans 
etal., 1995). One dramatic case report has even described a death 
resulting from an aortoduodenal fistula (Lagrand etal., 1996). 

At a microscopic level, there is an inflammatory infiltrate of the 
vessel wall. This is usually focal and segmental, resulting in the 
“skip lesions" that can cause sampling error when too little of 
the artery is removed for a biopsy. Three histological patterns have 
been described (Goodman, 1979; Lie, 1990). The classical finding 
is granulomatous inflammation with giant cells at the junction of 
intima and media. (Figures 2.1 and 2.2) However, these changes 
are found in only about 50% of positive biopsies. Just as com¬ 
mon is a nonspecific panarteritis without giant cells. Rarely, only 
a small vessel vasculitis surrounding a normal temporal artery is 
seen (Esteban etal., 2001). 

Epidemiology and clinical features 

A number of epidemiological studies have evaluated the incidence, 
age, and gender associations of temporal arteritis. In Olmstead 
County, Minnesota, the annual incidence of the disease was 17.8 



Figure 2.1 Low-powered view of the transverse section of superficial temporal 
artery with features of giant cell arteritis. There is a slit-like lumen (black 
arrow) due to intimal swelling, with disruption of the internal elastic lamina (*) 
and scattered, multinucleated giant cells (white arrow). See color plate. 
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Figure 2.2 High-powered view of disrupted internal elastic lamina (white 
arrow), with multinucleated giant cell (black arrow). See color plate. 

per 100 000 in those aged over 50 years (Machado et al., 1988). 
Incidence increases with age and peaks between 70 and 80 years 
of age. Women are at least twice as often affected (Salvarani et al., 
2002). Prevalence is higher in those of Scandinavian and Northern 
European descent (Franzen et al., 1992; Hunder, 2002). 

Headache is the most common symptom (Goodman, 1979). 
Headache is often severe and associated with scalp tenderness, 
usually in the region of the temporal arteries. Hence the patient 
may have scalp pain when brushing the hair, or even resting his or 
her head on a pillow. However, the headache pattern is often atyp¬ 
ical, and the diagnosis should be considered in any elderly patient 
presenting with headache (Huston et al., 1978). Jaw claudication, 
meanwhile, is the most specific nonneurological feature of the 
condition and is due to involvement of the facial artery (Good¬ 
man, 1979; Smetana and Shmerling, 2002). Other clinical mani¬ 
festations, also due to arteritis of external carotid artery branches, 
can include scalp, skin, and tongue necrosis (Figure 2.3; Table 2.1). 
Examination of the temporal arteries, typically reveals tenderness, 
and the temporal arteries may become firm, nodular, and pulseless 
(Salvarani etal., 2002). The occipital arteries are also often involved 
and can show similar abnormalities in response to palpation. 



Figure 2.3 Extensive scalp necrosis in a patient with biopsy-proven temporal 
arteritis. See color plate. 


Table 2.1 Cardinal symptoms of temporal arteritis 


Headache 

Polymyalgia rheumatica syndrome 
Jaw claudication 

Constitutional symptoms (anorexia, weight loss, malaise) 

Scalp necrosis 

Ischemic optic neuropathy 

Stroke 


Systemic symptoms can include fever, malaise, and anorexia 
with weight loss. These features are especially common in patients 
with coexisting polymyalgia rheumatica (PMR), but can be con¬ 
spicuously absent. Alow-grade fever can occur and may even reach 
40°C. In fact, temporal arteritis is a classical cause of “pyrexia of 
unknown origin” in the elderly (Calamia and Hunder, 1981). 

The relationship between temporal arteritis and PMR is com¬ 
plex. Many experts consider both to be different spectrums of the 
same disease (Salvarani et al., 2002). About 50% of patients with 
temporal arteritis will also have PMR (Calamia and Hunder, 1981). 
Suggestive symptoms include shoulder and, less commonly, hip 
girdle pain. As a result, a classical complaint is difficulty hanging 
out the wash on a clothesline. MRI studies have implicated not only 
synovitis but also periarticular bursitis and tenosynovitis (Pavlica 
et al., 2000). IT is interesting to note that only 20% of patients with 
PMR are said to have temporal arteritis (Franzen etal. , 1992; Pavlica 
etal., 2000). However, PET studies have suggested that the rate of 
subclinical temporal arteritis maybe significantly higher than 20% 
(Blockmans etal., 2000). The clinical significance ofthese findings 
is yet to be determined. Currently, the usual practice is to biopsy 
only those patients with PMR who also have features of temporal 
arteritis. 

Neurological and neuro-ophthalmological 
manifestations 

Neurological complications are common in patients with tempo¬ 
ral arteritis (Table2.2). Casel I i el al. (1988) reported a series of 166 
consecutive patients with biopsy-proven temporal arteritis and 
found that approximately 30% had neurological features (Caselli 
et al., 1988) Peripheral nervous system involvement can include 
mononeuropathy and peripheral polyneuropathy (Caselli et al., 
1984). Labyrinth dysfunction and hearing loss occur frequently 
(Amor-Dorado et al., 2003). Numbness of the tongue can be 
attributed to ischemia of the lingual nerve. Neuropsychiatric man¬ 
ifestations, such as depression, are also well-recognized (Caselli 
et al., 1988; Goodman, 1979). Stroke often leads to devastating 
consequences. 

Neuro-ophthalmological manifestations are frequent. In 
Caselli’s series, over 20% of patients with biopsy proven temporal 
arteritis developed ocular symptoms including amaurosis fugax, 
scintillating scotoma and diplopia and 8% suffered permanent 
visual loss (Caselli et al., 1988). Other series have reported far 
higher rates (Reich et al., 1990). The usual cause of blindness is 
anterior ischemic optic neuropathy (AION) (Reich et al., 1990). 
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Table 2.2 Neurological manifestations of temporal arteritis 

Neuro- 

Ischemic optic neuropathy, central retinal 

ophthalmological 

artery occlusion, occipital infarction, third 

manifestations 

and sixth cranial nerve palsies 

Neuropathy 

Mononeuropathies and generalized 
peripheral neuropathy 

Neuro-otological and 

neuropsychiatric 

syndromes 

Tremor 

Particularly vertigo, depression, dementia 

Tongue numbness 

Due to lingual nerve ischemia 

Myelopathy 

Arteritis of spinal cord 

Stroke 

Most commonly due to vertebral arteritis 


Less common are retinal artery occlusion, posterior ischemic 
optic neuropathy, and cortical visual field defects from a posterior 
circulation stroke. 

Transient diplopia can be the result of extraocular muscle 
ischemia. Pupil-sparing third nerve palsies and fforner’s syn¬ 
drome have been reported (Koorey, 1984; Reich etal., 1990). Even 
an orbital inflammatory syndrome with proptosis and conjunc¬ 
tival injection has been described (Cockerham et al., 2003; Islam 
etal., 2003). 

Ischemic optic neuropathy 

Left untreated, visual symptoms in one eye will likely move on to 
affect the fellow eye within days or weeks (Salvarani et al., 2002). 
Although some evidence suggests that there is potential for a lim¬ 
ited degree of visual recovery, in fact, it is largely irreversible (Chan 
and O’Day, 2003; Hayreh et al., 2002; Hayreh and Zimmerman, 
2003a). The long-held teaching is that prompt treatment aims to 
protect the unaffected eye. 

Transient visual loss is therefore a critically important warn¬ 
ing symptom. Amaurosis fugax is reported to occur in 30-40% 
(Gonzales-Gay etal., 1998; Hayreh etal., 1998). Older patients with 
amaurosis should therefore be investigated not only for carotid 
and cardiac sources of emboli, but also for temporal arteritis. 

The usual mechanism for blindness is arteritic AION, account¬ 
ing for 80% (Hayreh and Zimmerman, 2003b). This condition is 
most commonly due to thrombosis, embolism, or perfusion fail¬ 
ure of the posterior ciliary arteries, which leads to ischemia of the 
optic nerve head (Hayreh, 1981).Painless visual loss ensues. Typ¬ 
ically there is chalky white-disc edema and an altitudinal visual 
field defect (Rucker etal., 2004) (Figure. 2.4). Less commonly, cen¬ 
tral retinal artery ischemia leads to retinal infarction with cotton 
wool spots seen on fundoscopic examination. Pial capillary plexus 
ischemia can lead to posterior ischemic optic neuropathy in a 
patient with an initially normal fundoscopic examination (Rucker 
etal., 2004). 

A major differential diagnoses is nonarteritic AION. Arteritic 
AION is associated with temporal arteritis, whereas nonarteritic 
AION is associated with conventional atherosclerotic risk factors. 



Figure 2.4 Ischemic optic neuropathy with a swollen, pale optic disc and 
extensive pallor of the adjacent choroid. See color plate. 


Taking the visual features in isolation, arteritic and nonarteritic 
AION can be indistinguishable. In the nonarteritic form, fun- 
doscopy of the fellow eye may reveal the small-cup-disc ratio 
that constitutes the “disc at risk.” In the arteritic form, fluores¬ 
cein angiography typically demonstrates more extensive hypop¬ 
erfusion involving not only the posterior ciliary vessels but also 
delayed filling of the choroidal circulation (Rucker etal., 2004). 

Optic neuritis meanwhile can also present with diminished 
visual acuity and optic disc edema. Usually there is pain or discom¬ 
fort in the eye, particularly with eye movement. Fat-suppressed, 
gadolinium-enhanced MRI may show high signals in the optic 
nerve; however, similar findings have been reported with temporal 
arteritis (Morganstern etal., 2003). Obviously, plaques of demyeli- 
nation elsewhere may suggest an optic neuritis associated with 
multiple sclerosis. Visual recovery after optic neuritis is usually 
good, compared with the permanent deficits accompanying tem¬ 
poral arteritis (BeckefflZ., 1992). 

Cerebrovascular manifestations 

Brain infarction is a well-recognized complication of temporal 
arteritis and is a leading cause of death (Table 2.3). 

Stroke may be the initial presentation of temporal arteritis. Obvi¬ 
ously, suspicion may be raised by an elderly patient with PMR 
who presents with stroke and elevated inflammatory markers. 
However, there are many reports of devastating stroke due to 
biopsy-proven temporal arteritis with normal ESR (Neish and 
Sergent, 1991). Indeed, an inverse relationship has been found 


fable 2.3 Stroke in temporal arteritis 


The most common cause of death in patients with temporal arteritis 
Related to the degree of elastic tissue in major extracranial arteries 
Usually involves extracranial vertebral artery 
Intracranial arteritis is much rarer 

Stroke may be a presenting manifestation of the disease (even with 
normal ESR) 

Can produce multi-infarct dementia 
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between cranial ischemic events and the presence of synovitis and 
“inflammatory anemia’’ (Peyo-Reigosa et al., 2004; Smetana and 
Schmerling, 2002; Weyand and Goronzy, 2003). 

The posterior circulation is the classical territory for strokes due 
to temporal arteritis. Well described are the lateral medullary syn¬ 
drome, top of the basilar syndrome and occipital lobe infarction 
with cortical visual loss (Figure 2.5). The frequent involvement of 
the posterior circulation has been explained by a preference of 
temporal arteritis to involve vessels with significant internal elas¬ 
tic lamina. Hence the extracranial vertebral arteries are commonly 
affected but with a sharply defined upper border, typically 5mm 
above the point of dural perforation, correlating with the distribu¬ 
tion of the elastic lamina (Ruegg et al ., 2003). However stroke in any 
vascular territory is possible. In fact, Caselli’s series suggested that 
strokes due to temporal arteritis may occur at least as commonly 
in the carotid territories as vertebrobasilar territories (Caselli 
et al., 1988). Intracranial vessel involvement meanwhile, is rare 
but has been reported. McLean etal. (1993) reported apatientwho 
had intracranial giant cell arteritis, involving the anterior inferior 
cerebellar and basilar arteries. They pointed out that intracranial 
involvement by giant cell arteritis should be distinguished from 
the separate entity of primary cerebral angiitis. Even myelopathy 
has been reported, due to occlusion of the anterior spinal artery 
(Gibb etal., 1985). 

Caselli (1990) emphasized the unusual occurrence of demen¬ 
tia in patients with temporal arteritis. Such patients have multi¬ 
focal cognitive impairment typical of vascular dementia, hence 
representing a treatable form of the disorder. Multiple cerebral 
infarcts, predominantly in the posterior circulation, were shown 
on neuroimaging. In this series, abrupt cognitive decline during 
periods of clinically active disease was associated with steroid 
reduction. The usual mechanism for stroke is an arteritis with sec¬ 
ondary thrombosis and sometimes artery-to-artery embolization 
(Missen, 1972). A prothrombotic tendancy may also contribute to 
the pathophysiology of stroke in temporal arteritis. Studies have 
found associations with hyperfibrinogenaemia and thrombocyto¬ 
sis (Andersson etal., 1986; Foroozan etal., 2002; De Keyser et al., 
1991). 


Additionally, anticardiolipin antibodies are a frequent finding in 
temporal arteritis patients, with titers responsive to steroid ther¬ 
apy (Espinosa et al., 2001). However, the clinical relevance of this 
finding needs further examination. 

Interaction with atherosclerotic risk-factors has also been found 
to be important. Hypertension, hyperlipidemia, diabetes mellitus, 
and smoking have all been found to increase stroke incidence in 
patients with temporal arteritis (Peyo-Reigosa, 2004; Ray et al., 
2005). Additionally, it has been increasingly recognized that an 
inflammatory milieu, as evidenced by raised CRP for instance, is 
a risk-factor for cardiovascular events in the general population. 

Hemodynamic stroke has also been described. Bogousslavsky 
et al. (1985) reported a case with severe bilateral internal carotid 
artery stenosis due to temporal arteritis and progressive infarction 
in the vertebrobasilar territory, suggesting a “steal phenomena” 
from the posterior to the anterior circulations. 

More proximally, another feared cardiovascular complication 
is aortic aneurysm formation and dissection. This is now recog¬ 
nized to be significantly more common in patients with giant cell 
arteritis (Gonzales-Gay etal., 2004). Risk is estimated at seventeen 
times the age matched population (Evans etal., 1995). As a result, 
a yearly chest radiograph is recommended as a screening measure 
(Salvarani etal., 2002). 


Diagnosis 

The diagnosis of temporal arteritis is suggested by the presence 
of the cardinal clinical symptoms in an elderly patient with an 
elevated ESR (Table 2.4). Although patients have been reported as 
young as 19 years old (Thai et al., 2001), it is rare under the age 
of 60. The clinical features found to have the greatest specificity 
are jaw claudication and prominent, enlarged temporal arteries 
(Smetana and Schmerling, 2002). 

Blood tests can alter the likelihood of temporal arteritis but do 
not exclude the diagnosis if clinical suspicion is high. Elevated ESR 
is the classical finding. However temporal arteritis with normal 


Table 2.4 Diagnosis and treatment of stroke due to 
temporal arteritis 

Diagnosis and 

treatment 

Comment 

Diagnosis 

ESR 

Normal in 22.5% of patients 

C-reactive protein 

Enhances sensitivity in combination with ESR 

Temporal artery 

Mandatory for all patients. Skip lesions not 

biopsy 

uncommon 

Treatment 

High dose steroids 

Controversy in literature as to initial dose 

as acute therapy 

Maintenance 

Dose adjusted for clinical symptoms, ESR, 

steroids 

steroid side effects 

Duration of 

Controversial. Adverse effects of steroids 

treatment 

balanced against risk of relapse 
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ESR is well-recognized. In one recent meta-analysis, 4% of biopsy- 
proven temporal arteritis had “normal” ESR (Smetana and Shmer- 
ling, 2002). Others report that normal ESR may occur in over 
20% of patients with biopsy proven temporal arteritis (Salvarani 
andHunder, 2001). C-reactive protein (CRP), a more acute marker 
of inflammation, significantly increases the sensitivity. In one 
study, the sensitivity of combined ESR and CRP was found to be 
100% (Hayreh etal., 1997). However, temporal arteritis with normal 
CRP has been reported (Weyand and Goronzy, 2003). Thrombocy¬ 
tosis and anemia are commonly seen on the full blood examination 
(Froozan etal., 2002). Up to one-third of the patients are found to 
have abnormal liver function test results (De Keyser etal., 1991). 

Imaging can detect abnormalities suggestive of temporal 
arteritis; however, use in clinical practice is debated. Temporal 
artery ultrasound may reveal a characteristic hypoechoic “halo 
sign” indicating mural edema (Salvarani et al., 2002). However 
the accuracy of this test is highly operator-dependant and a 
recent meta-analysis suggested “cautious interpretation” of results 
(Karassa et al., 2005). Noninvasive angiography using CT or 
MRI may reveal sites of vascular stenoses. A typical finding is 
smoothly tapered stenotic lesions different from the abrupt, irreg¬ 
ular stenoses of atherosclerotic disease (Stanson, 2000). These 
modalities may be helpful in assessing the extent of disease or 
potentially to aid diagnosis especially in biopsy negative cases. 
FDG-PET scanning may reveal uptake in the larger thoracic ves¬ 
sels including aorta, subclavian, and carotid arteries (Blockmans 
etal., 2000). It is less useful for smaller caliber vessels, such as the 
temporal arteries. 

Temporal artery biopsy is the gold-standard investigation. The 
classical finding is of granulomatous inflammation with giant cells. 
Complications of the procedure, such as scalp necrosis and stroke, 
are rare (Ghanch and Dutton, 1997). A biopsy is felt to be essential, 
as diagnosis of temporal arteritis commits to lengthy steroid treat¬ 
ment with their inherent risks. However, steroid therapy should 
not be delayed while awaiting biopsy if there is reasonable clinical 
suspicion. Blindness has been reported when this has occurred. 
However, abiopsyshouldbe performed as soonas possible, as time 
on steroids does increase the chances of obtaining false negative 
or atypical histology (Guevara etal., 1998; To etal., 1994). 

Another problem is the phenomena of “skip lesions.” Normal 
segments of vessels may be interposed between vasculitic seg¬ 
ments (Albert et al, 1976). Various strategies are employed to 
optimize the chances of a positive biopsy result. First, a swollen, 
tender artery (if present) should be chosen. This may be the tem¬ 
poral artery but occipital and facial arteries are other possibilities. 
Second, a sufficient sample size should be obtained: a 3-5 cm 
sample is suggested. Some academic centers perform an intraop¬ 
erative frozen section, and if it is negative, proceed to biopsy the 
contralateral side. 

In the case of a negative unilateral temporal artery biopsy, sam¬ 
pling of the contralateral side will also yield a negative result 97- 
99% of the time (Hall etal., 2003). Therefore, routine simultaneous 
biopsy is not recommended and when clinical suspicion is low, a 
unilateral biopsy is all that is needed (Hall et al., 2003; Salvarani 
et al., 2002). Importantly, even bilateral negative temporal artery 
biopsy does not exclude the diagnosis and a minority of patients 


will obtain the diagnosis of “biopsy-negative temporal arteritis" 
and be treated regardless. 

Treatment and prognosis 

The mainstay of treatment is corticosteroids, although there is 
much debate about the optimal dose and use of steroid sparing 
immunosuppressives (Table 2.4). 

In the case of acute visual loss, the long held teaching is that the 
prognosis for the affected eye is poor and the aim of treatment is 
to protect the fellow eye. A study by Hayreh etal. (2002) supported 
this view. Pulsed high-dose intravenous steroids given to patients 
presenting with visual loss provided no significant improvement in 
either visual acuity or field defect. Crucially, however, in this study, 
patients were enrolled who had developed the visual loss many 
days and weeks previously. After that long, irreversible infarction 
would be established. In another study by Chan and O’Day, treat¬ 
ment with intravenous steroids was commenced within 48 hours 
of visual symptoms, and some improvement in visual acuity was 
seen after treatment (Chan and O’Day, 2003). The current practice 
of many neurologists is therefore to treat patients who have visual 
symptoms with high-dose intravenous methylprednisolone as a 
matter of urgency. 

In the case of stroke, recognition of temporal arteritis is often 
made only after routine acute stroke therapy has been given. Of 
concern, are reports that following oral steroid initiation, new 
stroke, or where an extension of a stroke has occurred (Collazos 
etal., 1994; Staunton etal., 2000). Due to these concerns, authors 
have suggested the use of high-dose intravenous steroids and pos¬ 
sibly anticoagulation in stroke-affected patients with temporal 
arteritis. In addition, there is evidence from a retrospective case- 
control study that the routine adjunctive use of aspirin in patients 
with temporal arteritis can reduce cranial ischemic events (Nesher 
etal., 2004). 

The initial corticosteroid dose in more stable settings is also 
controversial. It is a balance between the risks of blindness and 
stroke versus the need to minimize steroid complications such 
as vertebral fracture. Some studies suggest that starting at a low 
dose (e.g. 20-40 mg) maybe adequate (Delecoeuillerie etal., 1988; 
Nesher etal., 1997). However, these are retrospective studies, and 
the usual practice of many neurologists is to start with 60-80 mg 
of prednisolone. 

Weaning of steroids can usually begin within 4-6 weeks. This 
obviously needs to be tailored to the individual patient, with titra¬ 
tion against symptoms and inflammatory markers. Unfortunately 
though, a rise in ESR and CRP can lag well-behind the disease pro¬ 
cess. Newer, more “upstream” markers, such as IL-6, may herald 
relapse more accurately and may become more widely available 
outside the research setting (Weyand etal., 2000). 

Most patients with temporal arteritis are able to be completely 
weaned off of steroids, but this may take years (Andersson et al., 
1986). Some patients may require indefinite corticosteroid treat¬ 
ment (Gonzalez-Gay etal., 1998). Given the degree of steroid expo¬ 
sure, bone protection is important. Bone mineral density needs 
to be monitored and bisphosphonate medications considered. 
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For those who remain steroid dependant, the use of other 
immunosuppressants as “steroid sparers” has been advocated. 
The addition of methotrexate to steroid therapy for the treatment 
of temporal arteritis has been assessed in 3 randomised, double- 
blinded, placebo-controlled trials. In the first trial, patients had 
fewer relapses and required lower cumulative doses of steroids 
when treated with methotrexate and prednisolone compared with 
prednisolone alone (Jover et al. f 2001). However, these findings 
were not replicated in the 2 subsequent trials (Cantini etal., 2001; 
Tan et al., 2003). Recently, positive reports for biological agents, 
such as infliximab, etanercept, and rituximab have also emerged 
(Bhatia etal., 2005; Cantini etal., 2001; Tan etal, 2003). 

Properly treated, the prognosis for most patients with temporal 
arteritis is very good. Life expectancy has been found to be similar 
to age-matched controls (Gran etal, 2001). 

REFERENCES 

Albert, D. M., Ruchman, M. C., and Keltner, J. L. 1976. Skip lesions in temporal 
arteritis. Arch Ophthalmol, 94, 2072-7. 

Amor-Dorado, J. C., Llarca, J., Garcia-Porrua, C. et al. 2003. Audiovestibular 
manifestations in giant cell arteritis: a prospective study. Medicine, 82, 13- 
26. 

Andersson, R., Malmvall, B. E., and Bengtsson, B. A. 1986. Acute phase reactants 
in the initial phase of giant cell arteritis. Acta Med Scand, 220,365-7. 

Beck, R. W., Cleary, P. A., Anderson, M. M., etal. 1992. A randomized, controlled 
trial of corticosteroids in the treatment of acute optic neuritis. The Optic 
Neuritis Study Group. N Engl J Med, 326, 581-8. 

Bhatia, A., Ell, P. J., and Edwards, J. C. W. 2005. Anti CD-20 monoclonal anti¬ 
body (Rituximab) as an adjunct in the treatment of giant cell arteritis. Ann 
Rheumatol Dis, 64,1099-100. 

Blockmans, D., Stroobants, S., Maes, A. etal. 2000. PET in giant cell arteritis and 
polymyalgia rheumatica: evidence for inflammation of the aortic arch. Am 
J Med, 108, 246-9. 

Bogousslavsky, J., Deruaz, J. P., and Regli, F. 1985. Bilateral obstruction of internal 
carotid artery from giant cell arteritis and massive infarction limited to the 
vertebrobasilar area. Eur Neurol, 24, 57-61. 

Calamia, K. T., and Hunder, G. G. 1981. Giant cell arteritis (temporal arteritis) 
presenting as fever of undetermined origin. Arthritis Rheumatol, 24, 1414- 
8 . 

Cantini, F., Niccoli, L., Salvarani, C., etal. 2001. Treatment of longstanding active 
giant cell arteritis with infliximab: report of 4 cases. Arthritis Rheumatol, 44, 
2933-5. 

Caselli, R. J. 1990. Giant cell (temporal arteritis): a treatable cause of multi-infarct 
dementia. Neurology, 40, 753-5. 

Caselli, R. J., Daube, J. R., Hunder, G. G., and Whisnant, J. P. 1984. Peripheral 
neuropathic syndromes in giant cell arteritis. Ann Intern Med, 101, 594- 
7. 

Caselli, R. J., Hunder, G. G., and Whisnant, J. P. 1988. Neurologic disease in biopsy 
proven giant cell (temporal) arteritis. Neurology, 38, 352-9. 

Chan, C. C. K., and O’Day, J. 2003. Oral and intravenous steroids in giant cell 
arteritis. Clin Exp Ophthalmol, 31,179-82. 

Cockerham, K. P., Cockerham, G., Brown, H., and Hidayat, A. A. 2003. Radiosen¬ 
sitive orbital inflammation associated with temporal arteritis. J Neurooph- 
thalmol, 23, 117-21. 

Collazos, J., Garcia-Manco, C., Martin, A., Rodriguez, J., and Gomez, M. A. 1994. 
Multiple strokes after initiation of steroid therapy in giant cell arteritis. Post¬ 
grad Med J, 70, 228-30. 

DeKeyser, J., DeKlippel, N., andEbinger, G. 1991. Thrombocytosis and ischaemic 
complications in giant cell arteritis. BMJ, 303, 825. 

Delecoeuillerie, G., Joly, P., Cohen de Lara A., and Paolaggi, J. B. 1988. Polymyal¬ 
gia rheumatica and temporal arteritis: a retrospective analysis of prognos¬ 
tic features and different corticosteroid regimes (an 11-year survey of 210 
patients). Ann Rheumatol Dis, 47, 733-9. 


Espinosa, G., Tassies, D., Font, J., et al. 2001. Antiphospholipid antibodies and 
thrombophilic factors in giant cell arteritis. Semin Arthritis Rheumatol, 31, 
12 - 20 . 

Esteban, M. J., Font, C., Hernandez-Rodriguez, J., et al. 2001. Small vessel 
vasculitis surrounding a spared temporal artery: clinical and patholog¬ 
ical findings in a series of 28 patients. Arthritis Rheumatol, 44, 1387- 
95. 

Evans, J. M., O’Fallon, W. M., and Hunder, G. G. 1995. Increased incidence of aortic 
aneurysm and dissection in giant cell (temporal) arteritis. A population- 
based study. Ann Intern Med, 122, 502-7. 

Foroozan, R., Danesh-Meyer, H., Savino P., et al. 2002. Thrombocytosis in 
patients with biopsy proven giant cell arteritis. Ophthalmology, 109, 1267- 
71. 

Franzen, P., Sutinen, S., and von Knorring, J. 1992. Giant cell arteritis and 
polymyalgia rheumatica in a region of Finland: an epidemiologic, clinical 
and pathological study, 1984-1988. J Rheumatol, 19, 273-6. 

Ghanch, F. D., and Dutton, G. N. 1997. Current concepts in giant cell (temporal) 
arteritis. Surv Ophthalmol, 42, 99-123. 

Gibb, W. R., Urry, P. A., and Lees, A. J. 1985.Giant cell arteritis with spinal cord 
infarction and basilar artery thrombosis. J Neurol Neurosurg Psychiatry, 48, 
945-8. 

Gillanders, L. A. 1969. Temporal arteriography. Clin Radiol, 20,149-56. 

Gonzalez-Gay, M. A., Blanco, R., Rodriguez-Valverde, V, etal. 1998. Permanent 
visual loss and cerebrovascular accidents in giant cell arteritis: predictors 
and response to treatment. Arthritis Rheumatol, 41, 1497-504. 

Gonzalez-Gay, M. A., Garcia-Porrua, C., Pineiro, A., Pego-Reigosa R., Llorca J., 
and Hunder G. G. 2004. Aortic aneurysm and dissection in patients with 
biopsy proven giant cell arteritis from northwestern Spain: a population- 
based study. Medicine (Baltimore), 83, 335-41. 

Goodman, B. W. 1979. Temporal arteritis. Am J Med, 67, 839-52. 

Gran, J. T., Myklebust, G., Wilsgaard, T., and Jacobsen, B. K. 2001. Survival in 
polymyalgia rheumatica and giant cell arteritis: a study of 398 cases and 
matched population controls. Rheumatology (Oxford), 40, 1238-42. 

Guevara, R. A., Newman, N. J., and Grossniklaus, H. E. 1998. Positive temporal 
artery biopsy 6 months after prednisolone treatment. A/rhOphfha/raoZ, 116, 
1252-3. 

Hall, J. K., Volpe, N. J., Galetta, S. L., etal. 2003. The role of unilateral temporal 
artery biopsy. Ophthalmology, 110, 543-8. 

Hayreh, S. S. 1981. Acute ischaemic optic neuropathy. Arch Neurol, 38, 675-8. 

Hayreh, S. S., Podhajsky, P. A., Raman, R., and Zimmerman, B. 1997. Giant cell 
arteritis: validity and reliability of various diagnostic criteria. Am J Ophthal¬ 
mol, 123, 285-96. 

Hayreh, S. S., Podhajsky, P. A., and Zimmerman, B. 1998. Ocular manifestations 
of giant cell arteritis. Am J Ophthalmol, 125, 509-20. 

Hayreh, S. S., and Zimmerman, B. 2003a. Management of giant cell arteritis: our 
27-year clinical study: New light on old controversies. Ophthalmologica, 
217, 239-59. 

Hayreh, S. S., and Zimmerman, B. 2003b. Visual deterioration in giant cell arteritis 
patients while on high doses of corticosteroid therapy. Ophthalmology, 110, 
1204-15. 

Hayreh, S. S., Zimmerman, B., and Kardon, R. H. 2002. Visual improvement with 
corticosteroid therapy in giant cell arteritis: report of a large study and review 
of literature. Acta Ophthalmol Scand, 80, 355-67. 

Hoffman, G. S., Cid, M. C., Heilman, D. B., etal. 2002. A multicenter, randomized, 
double-blinded, placebo controlled trial of adjuvant methotrexate treat¬ 
ment for giant cell arteritis. Arthritis Rheumatol, 46, 1309-18. 

Horton, B. T., Mastath, B., and Brown, G. E. 1934. Arteritis of the temporal vessels. 
A previously undescribed form. Arch Intern Med, 53, 400-9. 

Hunder, G. G. 2002. Epidemiology of giant cell arteritis. Cleve Clin JMed, 69(SII), 
79-82. 

Huston, K. A., Hunder, G. G., Lie, J. T., Kennedy, R. H., and Elveback, L. R. 1978. 
Temporal arteritis. A 25-year epidemiologic, clinical, and pathological study. 
Ann Intern Med, 88,162-7. 

Hutchinson, J. 1890. Diseases of the arteries. Arch Surg, 1,323-33. 

Islam, N., Asaria, R., Plant, G. T., and Hykin, P. C. 2003. Giant cell arteritis mim¬ 
icking idiopathic orbital inflammatory disease. Eur J Ophthalmol, 13, 392- 
4. 


14 



Temporal arteritis 


Jover, J. A., Henandez-Garcia, C., Morado, I. C., etal. 2001. Combined treatment 
of giant cell arteritis with methotrexate and prednisolone. A randomized, 
double-blinded, placebo-controlled trial. Ann In tern Med, 134,106-14. 

Karassa, F. B., Matsasas, M. I., Schmidt, W. A., and Ioannidis, J. P. 2005. Meta¬ 
analysis: test performance of ultrasonography for giant cell arteritis. Ann 
Intern Med, 1212, 359-69. 

Klein, R. G., Hunder, G. G., Stanson, A. W., and Sheps, S. G. 1975. Large artery 
involvement in giant cell (temporal) arteritis. Ann Intern Med, 83, 806- 
12 . 

Koorey, D. J. 1984. Cranial arteritis. A 20-year review of cases. AustNZJMed, 14, 
143-7. 

Lagrand, W. K., Hoogendoorn, M., Bakker, K., te Velde, J., and Labrie, A. 1996. 
Aortoduodenal fistula as an unusual and fatal manifestation of giant cell 
arteritis. Eur J Vase Endovasc Surg, 11, 502-3. 

Lie, J. T. 1990. Illustrated histopathological classification criteria for selected 
vasculitis syndromes. Arthritis Rheumatol, 33,1074-87. 

Machado, E. B. V., Michet, C. J., Ballard, D. J., etal. 1988. Trends in incidence and 
clinical presentation of temporal arteritis in Olmstead County, Minnesota, 
1950-1985. Arthritis Rheumatol, 31, 745-9. 

Mclean, C. A., Gonzales, M. F., and Dowling, J. P. 1993. Systemic giant cell arteritis 
and cerebellar infarction. Stroke, 24, 899-902. 

Missen, G. A. K. 1972. Involvement of the vertebro-carotid arterial system in giant 
cell arteritis. J Pathol, 106, 2-3. 

Morganstern, K. E., Ellis, B. D., Schochet, S. S., and Linberg, J. V 2003. Bilateral 
optic nerve sheath enhancement from giant cell arteritis. J Rheumatol, 30, 
625-7. 

Neish, P. R., and Sergent, J. S. 1991. Giant cell arteritis. A case with unusual neu¬ 
rological manifestations and a normal sedimentation rate. Arch Intern Med, 
151, 378-80. 

Nesher, G., Berkun, Y., Mates, M., Baras, M., Rubinow, A., and Sonnenblick, M. 
2004. Arthritis Rheumatol, 50,1332-7. 

Nesher, G., Rubinow, A., and Sonnenblick, M. 1997. Efficacy and adverse effects of 
different corticosteroid dose regimens in temporal arteritis: a retrospective 
study. Clin Exp Rheumatol, 15, 303-6. 

Pavlica, P., Barozzi, L., Salvarani, C., Cantini, F., and Olivieri, I. 2000. Magnetic 
resonance imaging in the diagnosis of polymyalgia rheumatica. Clin Exp 
Rheumatol, 18, S38-9. 

Peyo-Reigosa, R., Garcia-Porrua, C., Pineiro, A., et al. 2004. Predictors of cere¬ 
brovascular accident in giant cell arteritis in a defined population. Clin Exp 
Rheumatol, 22, S13-7. 

Ray, J. G., Mamdani, M. M., and Geerts, W. H. 2005. Giant cell arteritis and car¬ 
diovascular disease in older adults Heart, 91, 324-8. 


Redlich, F. C. 1993. A new medical diagnosis of Adolf Hitler. Giant cell arteritis: 
temporal arteritis. Arch Intern Med, 153, 693-7. 

Reich, K. A., Giansiracusa, D. F., and Strongwater, S. L. 1990. Neurologic mani¬ 
festations of giant cell arteritis. Am JMed, 89, 67-72. 

Rucker, J. C., Biousse, V., and Newman, N. 2004. Ischaemic optic neuropathies. 
Curr Opin Neurol, 17, 27-35. 

Ruegg, S., Engelter, S., Jeanneret, C. etal. 2003. Bilateral vertebral artery occlusion 
resulting from giant cell arteritis. Report of 3 cases and review of literature 
Medicine, 82, 1-12. 

Salvarani, C., Cantini, F., Boiardi, L., and Hunder, G. G. 2002. Medical progress: 
polymyalgia rheumatica and giant cell arteritis. NEngl}Med, 347, 261-71. 

Salvarani, C., and Hunder, G. G. 2001. Giant cell arteritis with low ESR: frequency 
of occurrence in a population-based study. Arthritis Rheumatol, 45, 140- 
5. 

Salvarani, C., Silingardi, M., Ghirarduzzi, A. etal. 2002. Is duplex ultrasonography 
useful for the diagnosis of giant cell arteritis? Ann Intern Med, 137, 232-8. 

Schmidt, D. 1994. Giant cell arteritis and Hitler. Arch Intern Med, 154, 930. 

Smetana, G. W., and Shmerling, R. H. 2002. Does this patient have temporal 
arteritis? JAMA, 287, 92-101. 

Spiera, R. F., Mitnick, H. J., Kupersmith, M., et al. 2001. A randomized, double- 
blinded, placebo controlled trial of methotrexate in the treatment of giant 
cell arteritis. Clin Exp Rheumatol, 19, 495-501. 

Stanson, A. W. 2000. Imaging findings in extracranial (giant cell) temporal arteri¬ 
tis. Clin Exp Rheumatol, 18, S43-8. 

Staunton, H., Stafford, F., Leader, M., and O’Riordain, D. 2000. Deterioration of 
giant cell arteritis with corticosteroid therapy. Arch Neurol, 57, 581-4. 

Tan, A. L., Holdsworth, J., Pease, C., Emery, P., and McGonagle, D. 2003. Successful 
treatment of resistant giant cell arteritis with etanercept. Ann Rheumatol Dis, 
62, 373-4. 

Thai, D. R., Barduzal, S., Franz, K., et al. 2001. Giant cell arteritis in a 19-year- 
old woman associated with vertebral artery aneurysm and subarachnoid 
haemorrhage. Clin Neuropathol, 20, 80-6. 

To, K. W., Enzer, Y. R., and Tsiaras, W. G. 1994. Temporal artery biopsy after 
1 month of corticosteroid therapy. Am J Ophthalmol, 117, 265-7. 

Weyand, C. M., Fulbright, J. W., Hunder, G. G., Evans, J. M., and Goronzy, J. J. 
2000. Treatment of giant cell arteritis: interleukin-6 as a biological marker 
of disease activity. Arthritis Rheumatol, 43,1041-8. 

Weyand, C. M., and Goronzy, J. J. 2003. Giant cell arteritis and polymyalgia 
rheumatica. Ann Intern Med, 139, 505-15. 

Wilkinson, I. M. S., and Ross Russell, R. W. 1972. Arteries of the head and neck 
in giant cell arteritis. A pathological study to show the patterns of arterial 
involvement. Arch Neurol, 27, 378-91. 


15 




3 


VARICELLA ZOSTER AND OTHER VIRUS-RELATED 
CEREBRAL VASCULOPATHY 

Matthias Bischof and Ralf W. Baumgartner 


Introduction 

Varicella zoster virus (VZV) isaDNA virus ofthe herpes family. Ten 
to 14 days after infection of the host, the vesicular rash character¬ 
istic of chickenpox appears (White, 1997). Subsequently, the virus 
migrates to the trigeminal and dorsal root including autonomic 
ganglia (Gilden et al., 2001), where it remains latent in neurons 
and satellite cells. It is assumed that waning of cellular immu¬ 
nity to VZV, which usually occurs decades later in life or during 
immunosuppression, activates the virus and causes herpes zoster 
(White, 1997). 

Epidemiology of neurological complications 
related to chickenpox and herpes zoster 

In temperate climates such as the United States or Europe, almost 
all individuals are infected by VZV as they reach adulthood, 
whereas in tropical countries chickenpox is often a disease of 
young adults (White, 1997). Neurological complications of chick¬ 
enpox include cerebellar ataxia and encephalitis, which are esti¬ 
mated to occur in 1 per 4000 (Guess et al., 1986) and in 1.7 per 
100 000 (Preblud et al., 1984) children beyond 15 years of age, 
respectively. In addition, a fewpatients with ischemic stroke occur¬ 
ring after chickenpox were reported (Bodensteiner et al, 1992; 
Caekebeke et al., 1990; Eda et al., 1983; Gibbs and Fisher, 1986; 
Griffith et al., 1970; Hosseinipour et al., 1998; Hung et al., 2000; 
Kamholz and Tremblay, 1985; Leopold, 1993; Liu and Holmes, 
1990; Shuper et al., 1990; Tsolia et al., 1995; Yilmaz et al., 1998). 
In a cohort study of young children (aged 6 months to 10 years) 
chickenpox has been identified as an independent risk factor for 
ischemic stroke (Askalan etal, 2001). 

The risk for the development of herpes zoster is increased by age, 
immunosuppression, and VZV infection acquired in utero or dur¬ 
ing the first year of life, and is increased in white people compared 
to black people (Guess etal., 1986; Schmader el al, 1995). The esti¬ 
mated annual incidence rates of herpes zoster are 74 per 100 000 
children younger than 10 years of age compared to 1010 per 100 000 
adults aged 80-90 years (Hope-Simpson, 1965). In the immuno¬ 
competent host, complications involving the central nervous sys¬ 
tem (CNS) were 0.2% in a population-based study (Ragozzino 
et al, 1982). They consisted of cranial neuropathy including 
Ramsey-Hunt syndrome (Jemsek et al., 1983), encephalomyeli¬ 
tis (Rose et al., 1964), optic neuritis (Jemsek et al., 1983), and 
leukoencephalitis (Horton et al., 1981). In rare cases, ischemic 


stroke occurs several weeks after the onset of herpes zoster. Vari¬ 
cella zoster virus infections of the CNS develop preferentially in 
immunocompromised individuals, especially those affected by 
HIV and cancer (Dolin et al., 1978; Gray ef al., 1994; Jemsek etal., 
1983). In autopsy series of immunocompromised patients, CNS 
affection was detected in 1.5%-4.4% (Gray ef al., 1991; Gray etal., 
1994; Petito etal., 1986), whereas other neuropathological series 
of HIV-positive individuals did not mention any case (Anders 
etal., 1986; Budkaefa/., 1987; Lang etal., 1989). In the patients with 
HIV infection, VZV vasculopathy of the CNS occurred often late in 
the course of the disease, when CD4+ cells were depleted. This 
was not only true in postmortem series (Baudrimont et al., 1994; 
Gilden etal., 1988; Gray etal., 1994; McArthur, 1987; Morgello etal., 
1988; Rosenblum, 1989; Rostad et al., 1989; Ryder et al., 1986; 
Vinters et al., 1988), but also in clinical observations of patients 
whose neurological dehcits improved after antiviral treatment 
(Rousseau etal., 1993). The introduction of highly active antiretro¬ 
viral therapy (HAART) substantially decreased the morbidity and 
mortality due to HIV infection including HIV-associated VZV vas¬ 
culopathy (Egger et al., 1997; Gulick et al., 1997; Hammer et al., 
1997; Palella etal., 1998; Powderly etal., 1998). 


Pathogenesis of cerebral vasculopathy related 
to chickenpox and herpes zoster 

Chickenpox-related cerebral vasculopathy is assumed to result 
from hematogenous viral invasion of vessel walls by VZV as has 
been shown for herpes zoster (see later: cerebral vasculopathy 
related to herpes zoster). In addition, VZV-specific immunoglob¬ 
ulin G (IgG) antibodies were identified in the cerebrospinal fluid 
(CSF) of two patients with strokes occurring after chickenpox 
(Caekebeke etal., 1990; Shuper etal., 1990). However, VZV-specific 
IgG antibodies can still be demonstrated several months after 
uncomplicated herpes zoster (I laanpaaefa/., 1998), and do not per 
se provide definite evidence for active infection. In other reports, 
VZV-specific antibodies were either not detected (Leopold, 1993) 
or not mentioned (Hosseinipour et al., 1998), or the CSF/blood 
quotient for albumin was not given, preventing an adequate inter¬ 
pretation of the CSF VZV-specific antibody titers (Shuper et al., 
1990). Finally, no virus particles, antigen, or DNA was demon¬ 
strated in the walls of vessels assumed to be affected by VZV 
after chickenpox (Bodensteiner etal., 1992; Caekebeke etal., 1990; 
Eda et al., 1983; Gibbs and Fisher, 1986; Griffith et al., 1970; 
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Hosseinipour et al., 1998; Kamholz and Tremblay, 1985; Leopold, 
1993; Liu and Holmes, 1990; Shuper et al., 1990). Therefore, the 
causal relationship between chickenpox and intracranial arteri- 
opathy is unproven and might just be a coincidence because chick¬ 
enpox is a frequent disease. 

Herpes zoster-related cerebral vasculopathy is well-documen¬ 
ted as herpesvirus nucleocapsids have been detected by elec¬ 
tron microscopy (Doyle ef al., 1983; Linnemann and Alvira, 1980), 
VZV antigen by immunocytochemistry, and VZV DNA by in situ 
hybridization or polymerase chain reaction (PCR) (Amlie-Lefond 
et al., 1995; Eidelberg et al., 1986; Gilden and Kleinschmidt- 
DeMasters, 1998; Gilden et al., 1996; Gray et al., 1994; Melanson 
et al., 1996; Morgello et al., 1988) in the walls of large and small 
intracranial arteries. In the pathogenesis of intracranial vasculopa¬ 
thy, both a VZV-induced autoimmune process and viral invasion 
of the vessels are proposed (Melanson et al., 1996). Several pos¬ 
sibilities for the access of VZV to the cerebral vessels have been 
reported. 

(A) After the occurrence of herpes zoster ophthalmicus (HZO), 
the virus may reach the arterial wall by direct neural passage 
along intracranial branches of the trigeminal nerve (Eidelberg 
et al., 1986; Mackenzie et al., 1981). Trigeminovascular innerva¬ 
tion is unilateral and more dense in the middle cerebral arteries 
(MCA) and anterior cerebral arteries (ACA) than in other cere¬ 
bral arteries (Mayberg et al., 1980; Moskowitz, 1970). This may 
explain why cerebral vasculopathy occurs more frequently after 
ophthalmic compared to segmental herpes zoster, is frequently 
located on the side of the skin lesion, and is often distributed 
in the MCA or ACA territories (Eidelberg et al., 1986; Mackenzie 
et al., 1981). (B) Hematogenous seeding of intracranial vessels. It 
has been shown that VZV viremia is frequent in patients with her¬ 
pes zoster, and that subclinical reactivation occurs in immuno¬ 
competent and immunocompromised subjects (Mainka et al., 
1998). Autopsy studies suggest that, in some patients, VZV may 
enter the spinal cord and small vessels via axonal spread from 
dermatomal zoster (Amlie-Lefond ef al., 1995). (C) Antero- or ret¬ 
rograde transaxonal and trans-synaptic spread may occur within 
the CNS (Amlie-Lefond et al., 1995; Cheatham, 1953; Gray et al., 
1994; Rostad etal., 1989). 

In a patient with chronic VZV vasculopathy, it was recently 
demonstrated that the oligoclonal IgG in the CSF was directed 
against the causative virus (Burgoon etal., 2003). 


Cerebral vasculopathy related to herpes zoster 

The syndrome of HZO followed 2-6 weeks (range 1 week to 6 
months) later by contralateral hemiplegia related to vasculopathy 
of large cerebral arteries was first recognized in 1896 (Brissaud, 
1896). Since then, several further occurrences were reported 
(Doyle et al., 1983; Eidelberg et al., 1986; Gray et al., 1994; 
Mackenzie et al., 1981; Melanson et al., 1996) suggesting that it 
is the most frequent zoster-related cerebral vasculopathy. In some 
cases zoster rash did not involve the trigeminal nerve distribu¬ 
tion (Ahmad and Boruchoff, 2003; Hilt etal., 1983; kolodny etal., 
1968; Rosenblum and Hadfield, 1972), followed the CNS deficits 


(Jemsek etal., 1983), or was absent (Ahmad and Boruchoff, 2003; 
Amlie-Lefond etal., 1995). 

The clinical course was characterized by gradual resolution 
of cutaneous HZO followed by the acute onset of contralateral 
hemiparesis, hemisensory symptoms, or aphasia (Hilt etal., 1983; 
Reshef etal., 1985). The neurological manifestations were usually 
monophasic, but some patients had recurrent strokes (Hilt et al., 
1983; Reshef et al., 1985). Transient ischemic attacks (TIAs) and 
amaurosis fugax were uncommon (Dalai and Dalai, 1989; Gilbert, 
1974). Some patients may show symptoms and signs of optic nerve 
infarction or posterior ischemic optic neuropathy (Bourdette etal., 
1983; Gilden et al., 2002; Hilt et al., 1983; Lexa et al., 1993; Reshef 
etal., 1985; Terborg and Busse, 1995;). Reshef etal. (1985) reported 
diffuse CNS symptoms in 47% of 51 patients following the onset 
of HZO. The CNS symptoms occurred before, during, or after the 
appearance of contralateral hemiparesis and consisted of stupor, 
somnolence, confusion, delirium, memory deficits, or depression. 
Prognosis of stroke is guarded as mortality was 20-28% (Hilt etal., 
1983; Reshef etal., 1985), 34% had moderate or severe neurological 
deficits, and 38% had slight or no neurological deficits (Hilt et al., 
1983). Stroke-related death usually resulted from brain edema and 
herniation subsequent to an acute infarction (Doyle et al., 1983; 
Eidelberg et al., 1986). Immunocompromised patients probably 
had a greater mortality compared to patients with cerebral infarc¬ 
tion alone (Reshef etal., 1985). This may explain that most autopsy 
reports of VZV vasculopathy derived from the latter group (Amlie- 
Lefond et al., 1995; Doyle et al., 1983; Eidelberg et al., 1986; Gray 
et al., 1994; Hilt et al., 1983; Kolodny el al., 1968; Linnemann and 
Alvira, 1980; Morgello etal., 1988; Rosenblum, 1989; Rosenblum 
and Hadfield, 1972; Ryder et al., 1986;) compared to the scarcity 
of pathological descriptions in immunocompetent patients 
(Bourdette etal., 1983; Hilt etal., 1983; Reshef etal., 1985). 

CSF studies were abnormal in 70% (Reshef et al., 1985). Most 
normal CSF samples were obtained only once. The most common 
findings were an elevated white blood cell (WBC) count consist¬ 
ing of mononuclear cells (mean, 46; range, 0-1200 WBC/mm 3 ), 
elevated protein (mean, 90; range, 30-445 |jug/dL), and normal 
levels of glucose (mean, 90; range, 30-445 p,g/dL) (Reshef et al., 
1985). Less frequently noted abnormalities were increased poly¬ 
morphonuclear leukocytes (65-100% of WBC, up to 1200/mm 3 ) 
(Doyle etal., 1983; Hughes, 1951) and hypoglycorrhachia (Reshef 
et al., 1985). Antibodies directed against VZV, VZV antigens, and 
DNA (PCR) can be detected in the CSF to confirm the diagnosis 
of VZV infection of the CNS. Definite proof of a possible causal 
link between vasculopathy and VZV age can only be obtained by 
detecting viral antigen or DNA in the wall of cerebral arteries (see 
above). Cerebral biopsy, however, is frequently not indicated in 
these patients. 

Computed tomography or MRI of the brain showed nonspe¬ 
cific findings consistent with ischemic infarction. Less frequently, 
symptomatic hemorrhage complicating ischemic infarction 
(Elble, 1983), subarachnoid hemorrhage (Fukumoto et al., 1986; 
Jain et al., 2003), and basal meningitis (Gray et al., 1994) were 
depicted. Infarcts were mainly unilateral and located in the 
superficial and/or deep territories of the MCA or ACA. Bilateral 
infarcts in the territories of the MCA or ACAs, or of the posterior 
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cerebral (PCA) or basilar (BA) arteries, were less frequent 
(Baudrimont et al., 1994; Eidelberg et al., 1986; Linnemann and 
Alvira, 1980; Reshef etal., 1985; Rosenblum, 1989). 

Catheter or magnetic resonance angiography (MRA) showed 
abnormal findings in most cases. They included irregular beaded 
or segmental narrowing, or occlusion of one or more basal cerebral 
arteries and/or their main branches including the siphon and the 
terminal segment of the intracranial internal carotid artery (ICA), 
the MCA, ACA, PCA, or BA. Several authors reported obstructions 
of the contralateral ACA (Reshef et al., 1985), both ACAs (Terborg 
and Busse, 1995) or both MCAs (Pratesi etal., 1977), and mycotic 
aneurysms (Fukumoto etal., 1986; Gursoy etal., 1980; O’Donohue 
andEnzmann, 1987). 

Autopsy features of VZV vasculopathy are determined by var¬ 
ious factors, including the phase of disease at which autopsy 
is performed (acute vs. chronic), host immune responsiveness, 
the route of viral spread to the brain from latent infection, and 
probably treatment (Gilden and Kleinschmidt-DeMasters, 1998; 
Gilden etal., 1996; Gray etal., 1994; Schmidbauer el al., 1992). Fur¬ 
thermore, leptomeningeal arteries showed variable abnormalities, 
which could be present in the same brain. On one side, throm¬ 
botic occlusion of large vessels with little or no inflammation or 
marked intimal proliferation producing severe luminal narrowing 
occasionally associated with thrombosis was detected (Eidelberg 
et al., 1986; Gray etal., 1994). On the other side, granulomatous 
arteritis with numerous histiocytic and fewer giant cells (Blue and 
Rosenblum, 1983; Fukumoto et al., 1986; Gilden et al., 1996; Hilt 
etal., 1983; Rosenblum et al., 1978) and rare cases with necrotizing 
arteritis (Doyle etal., 1983; Gray etal., 1994; McKelvie etal., 2002) 
were found. One patient showed features of subarachnoid hemor¬ 
rhage due to a ruptured aneurysm of the BA, which was affected 
by granulomatous angiitis (Fukumoto etal., 1986). 

There is also a more tenuous relationship between herpes zoster 
virus infection and primary granulomatous angiitis of the nervous 
system (PACNS). PACNS primarily affects small penetrating and 
leptomeningeal vessels in a more diffuse inflammatory process 
associated with giant cells and granuloma formation (Cravioto and 
Feigin, 1959; Kolodny et al., 1968). The occasional association of 
PACNS with antecedent VZV infection has suggested a causal rela¬ 
tionship (Gilbert, 1974; Rosenblum and Hadfield, 1972), and in one 
patient with PACNS herpesvirus nucleocapsids were detected in 
the wall of affected vessels (Linnemann and Alvira, 1980). 

Vasculopathy of small cerebral arteries 

In contrast to the abundance of reports of large vessel disease due 
to VZV, vasculopathy of small cerebral arteries was not appreci¬ 
ated until Horten etal. (1981) first described fatal VZV encephali¬ 
tis in patients with cancer. This was later confirmed by other 
groups who showed that VZV-related small vessel disease occurred 
essentially in immunocompromised patients (Amlie-Lefond eta/., 
1995; Baudrimont etal., 1994; Blue and Rosenblum, 1983; Gilden 
etal., 1996; Gilden and Kleinschmidt-DeMasters, 1998; Gray etal., 
1994; Hilt etal., 1983; Kolodny et al., 1968; Kronenberg el al., 2002; 
Linnemann and Alvira, 1980; McArthur, 1987; Morgello etal., 1988; 
Rosenblum, 1989; Rosenblum and Hadfield, 1972; Rosenblum 


et al., 1978; Rostad et al., 1989; Russman et al., 2003; Ryder et al., 
1986; Vinters et al. } 1988). The neurological symptoms and signs 
consisted of a progressive encephalopathy with headache, cogni¬ 
tive and behavioral abnormalities, and focal neurological deficits. 
The neurological deficit was also determined by the fact that the 
vasculopathy affected essentially the cerebral hemispheres and, 
in rare cases, the brainstem (Baudrimont etal., 1994; Rosenblum, 
1989). In some patients, clinical features due to concomitant large 
cerebral artery disease, as mentioned above, were present (Amlie- 
Lefond et al., 1995). The clinical course of small vessel disease is 
unknown, because no case diagnosed by brain biopsy has yet been 
reported. 

CSF findings were similar to those observed in patients with 
vasculopathy of the large cerebral arteries. 

CT or MRI of the brain showed multiple superficial and deep 
infarcts, either ischemic or hemorrhagic, with disproportionate 
involvement of white matter and a predilection for gray-white mat¬ 
ter junctions (Amlie-Lefond etal., 1995). 

Cerebral angiography showed in some patients signs of intracra¬ 
nial large cerebral artery disease as described above. At autopsy, 
generally lesser degrees of blood vessel inflammation were 
found (Gilden and Kleinschmidt-DeMasters, 1998). Nevertheless, 
cases with granulomatous (Blue and Rosenblum, 1983; Gilden 
et al., 1996; Hilt et al., 1983; Kolodny et al., 1968; Linnemann 
and Alvira, 1980; Rosenblum and Hadfield, 1972; Rosenblum 
et al., 1978;) and necrotizing arteritis (Gilden and Kleinschmidt- 
DeMasters, 1998; Gray et al., 1994; McKelvie et al., 2002) were 
reported. Further findings were usually deep seated, multifocal 
small lesions that involved white matter more than gray matter; 
they were often concentrated at gray-white matter junctions. 
Their mixed ischemic-demyelinative composition resulted from 
both vasculopathy-related ischemia and from spreading of VZV 
into neurons, glia, and especially oligodendrocytes causing focal 
demyelination. Some authors appreciated the additional presence 
of necrotic lesions (Amlie-Lefond etal., 1995; Gray etal., 1994). 

Concomitant parenchymal penetration by VZV 

Neurological deficits in patients with VZV-related cerebral vascu¬ 
lopathy result from the size and location of the involved vessels as 
well as concomitant parenchymal penetration by VZV. Immuno¬ 
compromised patients are particularly likely to develop an exten¬ 
sion of the virus beyond the vasculature into CNS parenchyma 
producing combinations of large and small vessel disease, myeli¬ 
tis, ventriculitis, encephalitis, and leukencephalopathy (Amlie- 
Lefond et al., 1995; Gray et al., 1994). Finally, patients with HIV 
infection have other possible causes of CNS deficits (see “Human 
immunodeficiency virus-related cerebral vasculopathy”). 

It is unclear whether treatment of herpes zoster with antiviral 
agents prevents the development of subsequent cerebral vascu¬ 
lopathy and stroke. Case reports of cerebral vasculopathy and 
stroke following HZO treated by acyclovir suggest that this is not 
the case (Melanson etal., 1996; Terborg and Busse, 1995). 

No proven treatment of VZV-associated intracranial vasculopa¬ 
thy has been described, and in most cases, therapy did not notice¬ 
ably alter the clinical course (Amlie-Lefond etal., 1995; Gilden and 
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Kleinschmidt-DeMasters, 1998; Gray et al., 1994; Hilt et al, 1983; 
Reshef et al, 1985). Nevertheless, patients with VZV-related cere¬ 
bral vasculopathy have an active viral infection and should thus 
receive antiviral therapy. According to the guidelines of the Inter¬ 
national Herpes Management Forum (IHMF), patients with focal 
(large vessel) vasculopathy should be treated with intravenous acy¬ 
clovir (10 mg/kg every 8 h for adults, 500 mg/m 2 body surface for 
children) for 7 days. Immunocompromised patients may require 
longer treatment (Johnson and Patrick, 2000). The role of steroid 
therapy (prednisone 60-80 mg daily for 3-5 days) is controver¬ 
sial, but should be considered to reduce inflammation (Johnson 
and Patrick, 2000). Although these drugs are contraindicated in 
patients with acute ischemic stroke (Adams etal., 1994; The Euro¬ 
pean Ad Hoc Consensus Group, 1997), many authors administered 
steroids due to the possible presence of granulomatous angiitis 
(Amlie-Lefond et al., 1995; Doyle et al., 1983; Gilbert, 1974; Hilt 
et al., 1983; Mackenzie et al., 1981; Melanson et al, 1996; Pratesi 
etal., 1977; Reshef etal., 1985; Terborg and Busse, 1995). The opti¬ 
mal antithrombotic therapy for acute ischemic stroke and sec¬ 
ondary prevention are unknown. Intravenous and intra-arterial 
thrombolysis are contraindicated (see below). Aspirin may be 
appropriate in the acute ischemic stroke setting due to the low 
hemorrhagic risk (International Stroke Trial Collaborative Group, 
1997). Anticoagulation should be used with caution because of 
the possible presence of acute (necrotizing) vasculitis (Doyle etal., 
1983; Gilden and Kleinschmidt-DeMasters, 1998; Gray etal, 1994) 
andmycotic aneurysms (Fukumoto etal., 1986; GursoyefaZ., 1980; 
O’Donohue and Enzmann, 1987). Nevertheless, several patients 
with cerebral large artery vasculopathy were treated with antico¬ 
agulants, and there was “good recovery" in two patients (Macken¬ 
zie et al., 1981) and slight (Laws, 1960) and moderate (Gilbert, 
1974) disability in one patient each. Secondary prevention is prob¬ 
ably not necessary in immunocompetent patients, because no 
patient with relapse of vasculopathy and stroke has been reported. 
Conversely, secondary prevention is justified in immunocom¬ 
promised patients due to the frequently progressive course of 
vasculopathy. 

Cerebral vasculopathy related to chickenpox 

The association of chickenpox and ischemic stroke has been 
described in young adults (Gibbs and Fisher, 1986; Griffith 
etal., 1970; Hosseinipour etal., 1998; Leopold, 1993) and children 
(Bodensteiner el al., 1992; Caekebek eetal., 1990; Eda etal, 1983; 
Hung et al, 2000; Kamholz and Tremblay, 1985; Liu and Holmes, 
1990; Shuper et al, 1990; Tsolia et al, 1995; Yilmaz et al, 1998). 
A cohort study of 70 young children (aged 6 months to 10 years) 
showed a 3-fold increase in varicella infection in children who had 
an arterial ischemic stroke compared to healthy children (Askalan 
et al, 2001). The clinical syndrome consisted of hemiparesis or 
aphasia occurring 1-3 months after the acute phase of chicken- 
pox (Bodensteiner etal, 1992; Caekebeke etal., 1990; Eda et al., 
1983; Gibbs and Fisher, 1986; Griffith et al, 1970; Hosseinipour 
et al, 1998; Hung et al, 2000; Kamholz and Tremblay, 1985; 
Leopold, 1993; Liu and Holmes, 1990; Shuper et al, 1990; Tsolia 
etal, 1995; Yilmaz etal, 1998;). In contrastto herpes zoster-related 


cerebral vasculopathy, no patient showed additional neurologi¬ 
cal and neuroradiological signs of encephalopathy. Stroke recur¬ 
rence occurring 6 months later was reported in one child (Shuper 
et al, 1990). CSF findings ranged from normal to a mild mono¬ 
cytic pleocytosis and a raised protein content (Hosseinipour etal., 
1998). In one patient, WBCs contained 27% segmented neutrophils 
(Hosseinipour et al, 1998). Furthermore, VZV-specific antibod¬ 
ies were detected in the CSF of two patients (Caekebeke et al, 
1990; Shuper et al, 1990). CT or MRI of the brain showed uni¬ 
lateral infarcts in the superficial or deep territories of the MCA 
(Hosseinipour et al, 1998; Leopold, 1993; Shuper et al, 1990; 
Yilmaz et al, 1998). Cerebral catheter or MRA was either normal 
(Eda et al, 1983) or showed unilateral occlusion of the supracli- 
noidal ICA in four patients (Bodensteiner et al., 1992; Caekebeke 
et al., 1990; Leopold, 1993; Liu and Holmes, 1990), segments of 
narrowing and beading or focal stenoses of the MCA and ACA, 
and in one patient of the PCA or the BA (Hosseinipour et al, 
1998; Kamholz and Tremblay, 1985; Shuper et al, 1990;), some¬ 
times associated with distal occlusions (Kamholz and Tremblay, 
1985). The best treatment of ischemic stroke subsequent to chick¬ 
enpox is unknown. Thrombolysis is contraindicated (see ear¬ 
lier). Some patients were treated without antiviral medication 
or steroids; other patients had intravenous acyclovir, steroids, or 
both (Gibbs and Fisher, 1986; Griffith et al, 1970; Hosseinipour 
et al., 1998; Leopold, 1993). Children had acyclovir, steroids, or 
both (Bodensteiner et al., 1992; Caekebeke et al., 1990; Eda et al., 
1983; Hung et al, 2000; Kamholz and Tremblay, 1985; Liu and 
Holmes, 1990; Shuper et al, 1990; Tsolia et al, 1995; Yilmaz 
et al, 1998). Antithrombotic therapy was either not given or con¬ 
sisted of aspirin (plus low-molecular-weight heparin in one case) 
(Bodensteiner etal., 1992; Caekebeke etal., 1990; Eda etal, 1983; 
Gibbs and Fisher, 1986; Griffith et al., 1970; Hosseinipour et al., 
1998; Hung et al, 2000; Kamholz andTremblay, 1985; Leopold, 
1993; Liu and Holmes, 1990; Shuper etal., 1990; Tsolia etal., 1995; 
Yilmaz etal., 1998). No antithrombotics for secondary stroke pre¬ 
vention were administered (Bodensteiner et al., 1992; Caekebeke 
et al, 1990; Eda et al, 1983; Gibbs and Fisher, 1986; Griffith 
et al, 1970; Hosseinipour et al, 1998; Hung et al., 2000; Kamholz 
andTremblay, 1985; Leopold, 1993; Liu and Holmes, 1990; Shuper 
etal., 1990; Tsolia etal., 1995; Yilmaz etal., 1998). 

HIV-related cerebral vasculopathy 

Treatment of patients infected with HIV has changed enormously 
in the last decade. In 1996, a combination of two nucleosides 
became the recommended initial regimen as several trials have 
shown that this therapy is superior to zidovudine alone (Carpenter 
ef al., 1996). In the following years, HAART consisting of a protease 
inhibitor and two non-nucleoside-analogue reverse transcrip¬ 
tase inhibitors, led to suppression of plasma HIV concentrations 
and repletion of CD4+ cell counts, translating into substantial 
decreases in morbidity and mortality due to AIDS (Egger et al, 
1997; Gulick etal., 1997; Hammer etal., 1997; Palella etal, 1998), 
and reduction in the incidence of AIDS (Powderly et al, 1998), 
including strokes associated with opportunistic infections and 
tumors, and advanced stages of immunosuppression. However, 
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the use of protease inhibitors is associated with a variety 
of metabolic derangements that might produce accelerated 
atherosclerosis. The Data Collection on Adverse Events of Anti- 
HIV drugs (DAD) study group reported an increased incidence 
of myocardial infarction by an average of 26% per year of expo¬ 
sure to combination antiretroviral treatment in 2003 (Friis-Moller 
et al., 2003). In a subsequent study, an increased risk for cardio- 
and cerebrovascular diseases (after exclusion of secondary events 
from HIV CNS morbidity) was found (d’Arminio etal., 2004). 

Before the introduction of HAART, CNS dysfunction frequently 
complicated the course of HIV infection. Involvement of the CNS 
occurred due to primary HIV infection or to secondary compli¬ 
cations of immunodeficiency such as infection with opportunis¬ 
tic microorganisms and neoplasm. Pinto (1996) concluded that it 
remained unclear whether there is an association between stroke 
and AIDS in adults. Qureshi et al. (1997) found in a retrospec¬ 
tive case-control study that HIV infection was associated with an 
increased risk of stroke. However, their patients had a mean age 
of 35 years, 40% used cocaine, 22% were HIV seropositive, and 9% 
had AIDS (Qureshi etal., 1997). Besides the possibility of cocaine- 
related strokes, the latter patients do not reflect the average stroke 
patient, and the issue of an association between HIV infection 
and stroke remained unanswered. A newer autopsy cohort study 
including 183 HIV-infected patients distinguished between cere¬ 
bral infarcts associated with non-HIV CNS infection, CNS lym¬ 
phoma, or cardioembolic sources and cerebral infarcts occurring 
in the absence of these conditions (Connor et al., 2000). Twenty- 
six patients without evidence of opportunistic cerebral infarction 
underwent a second selection process in which the presence of 
cerebral infarction, in the absence of the above mentioned con¬ 
ditions, was verified. Ten cases (5.5%) fulfilled these inclusion 
criteria: small vessel disease was found in all cases, vasculitis was 
not found. One patient had a TIA, and no patient had a stroke, ft 
was concluded that cerebral infarcts in HIV-infected patients are 
not common in the absence of the above mentioned conditions. 

The incidence of symptomatic cerebrovascular disease in pedi¬ 
atric AIDS is 1.3%, but cerebrovascular lesions were present in 
25% at autopsy (Burns, 1992; Husson et al., 1992). The pathome- 
chanisms include cardiac embolism, hypoperfusion, thrombocy¬ 
topenia, and vasculopathy related to VZV, mycobacterial or fungal 
infections. To date, reports on 25 children (de Carvalho Neto etal., 
2001; Dubrovsky et al., 1998; Fulmer et al., 1998; Husson et al., 
1992; Martinez-Longoria et al, 2004; Nunes et al., 2001; Park 
etal., 1990;Philippeter«Z., 1994;VisrutaratnaandOranratanachai, 
2002) and two young adults (Kossorotoff et al., 2006) document 
that patients with AIDS may rarely develop cerebral aneurysmal 
arteriopathy (CAA), which may cause ischemic and hemorrhagic 
stroke. Strokes in AIDS patients with VZV vasculopathy are given 
in Chapter 15 (see “VZV related cerebral vasculopathy”). 

PACNS related to HIV infection 

PACNS is a disease in which CNS is the sole or dominant target 
organ of a vasculitic process, affecting the small and medium lep- 
tomeningeal and cortical arteries and, less frequently, the veins 
and venules. By definition, it is not associated with any process 


known to involve the CNS. An actual review of literature resulted 
in the detection of 22 HIV-positive patients with the histologically 
verified diagnosis of PACNS (Berger et al., 1990; Engstrom et al., 
1989; Frank et al., 1989; Gray et al., 1992; Mizusawa et al., 1988; 
Noguerasefu/., 2002; Rhodes, 1987;Scaravilliefrt/., 1989; Schwartz 
etal., 1986; Vinters etal., 1988; Yankner era/., 1986). The clinical fea¬ 
tures of these patients were various, consisting of both progressive 
encephalopathy and focal neurological deficits. Autopsy showed 
granulomatous arteritis of large and medium-sized intracerebral 
and leptomeningeal arteries with severe luminal narrowing and 
thrombosis with vessel occlusion, and infarcts located in the cor¬ 
tex, white matter, and basal ganglia of both cerebral hemispheres 
and in the pons. However, no viral material was detected in the wall 
of intracranial vessels, and the causal relationship between cere¬ 
bral vasculopathy and HIV remains unproven. Different mech¬ 
anisms - including infection of endothelial cells by HIV or other 
organisms, immune complex deposition, and impaired regulation 
of cytokines and adhesion molecules - are suggested. 

CAA in childhood AIDS 

Cerebral aneurysmal arteriopathy (CAA) is characterized by dif¬ 
fuse dilatation of the large intracranial cerebral arteries (de 
Carvalho Neto et al., 2001; Dubrovsky et al., 1998; Fulmer et al., 
1998; Husson et al., 1992; Kossorotoff et al., 2006; Martinez- 
Longoria et al. , 2004; Nunes et al., 2001; Park et al., 1990; Philippet 
et al., 1994; Visrutaratna and Oranratanachai, 2002). Dubrovsky 
etal. (1998) described clinical and radiological features of 13 chil¬ 
dren with CAA: cerebrovascular disease was detected 2-11 years 
following HIV infection, and, on average, 2 V 2 years after the diag¬ 
nosis of AIDS. All children had a severely depressed immune sys¬ 
tem with a history of multiple opportunistic infections, and the 
mean CD4+ count was 23 (range, 0-107) at the time of CAA diag¬ 
nosis. Ten children had strokes from ischemic infarction (eight) 
and fatal subarachnoid and intracerebral hemorrhage (two), the 
remaining three were asymptomatic. Ischemic strokes were uni¬ 
lateral (affecting the basal ganglia or the thalamus) in five of eight 
children and bihemispheric in the other three patients. A second 
ischemic stroke occurred in three patients. The mean survival time 
after diagnosis of CAA was 8 months and shortened to 5.5 months 
after cerebrovascular accidents. 

The few performed CSF studies were normal. Cerebral CT, MRI, 
or catheter or MRA showed uni- or bilateral ectasia and aneurys¬ 
mal dilatation of the large intracranial cerebral arteries. Three 
patients with ischemic stroke had catheter angiography, which 
showed in addition segmental stenoses (Martinez-Longoria etal., 
2004; Park et al., 1990) or thrombotic occlusions (Philippet et al., 
1994) of small cortical branches distal to the dilated cerebral 
arteries. These findings suggest that ischemic strokes may have 
resulted from arterioarterial thromboembolism originating in the 
dilated large cerebral arteries, a well-known phenomenon in cere¬ 
bral aneurysms of adult patients. Autopsy studies were done in 
four children and confirmed vascular ectasia and aneurysmal 
dilatation limited to the large basal cerebral arteries, whereas 
leptomeningeal and intraparenchymal arteries and arterioles 
were spared. Typical findings were medial fibrosis with loss of 
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muscularis, destruction of the internal elastic lamina, and intimal 
hyperplasia suggesting the prior presence of vasculitis. The very 
unusual presentation of the vasculopathy and the detection of HIV 
protein or genomic material in two autopsy cases argue in favor 
of HIV-related arteritis as a possible causative factor (Dubrovsky 
et al., 1998; Kure etal., 1989). Unilateral involvement of the cere¬ 
bral arteries in three children and the presence of ipsilateral HZO 
in one of the three children suggest that also VZV may have played 
a pathogenetic role. 

Other viruses and cerebral vasculopathy 

Several observations suggest that infection with cytomegalovirus 
(CMV) or herpes simplex virus (HSV) plays a role in the pathogene¬ 
sis of atherosclerosis. Clinical studies reported an increased preva¬ 
lence of CMV and HSV infections among individuals with accel¬ 
erated atherosclerosis in the extracranial carotid arteries (Melnick 
etal., 1990; Nieto etal., 1996; Saetta etal., 2000; Sorlie etal., 1994). 
In addition, histopathological studies have detected CMV and 
HSV particles within atherosclerotic vessels (Benditt et al., 1983; 
Gyorkeyefa/., 1984; Hendrix etal., 1990; Shi and Tokunaga, 2002), 
and infection with HSV-induced atherosclerosis in avian mod¬ 
els (Minick et al., 1979). Furthermore, prior infection with CMV 
has been shown to be a strong independent risk factor for resteno¬ 
sis after coronary atherectomy (Zhou et al. , 1996). CMV was present 
in smooth-muscle cells from restenotic lesions of patients who 
had undergone coronary angioplasty, and can express immediate 
early gene products, which can inhibit the p53 tumor-suppressor 
gene product (Speir et al., 1994). Conversely, two prospective stud¬ 
ies including a nested case-control study of apparently healthy 
American men followed up over a 12-year period found no evi¬ 
dence of a positive association between baseline IgG antibod¬ 
ies directed against CMV or HSV and the development of future 
thromboembolic stroke and myocardial infarction (Fagerberg 
etal., 1999; Ridker etal., 1998). In addition, two histological studies 
have failed to detect CMV in the atherosclerotic tissue of coronary 
(Daus etal., 1998) and carotid (Saetta etal., 2000) arteries. In con¬ 
clusion, the role ofviral infection in the pathogenesis of atheroscle¬ 
rosis of cerebral arteries is still unclear. 

Cerebral arteriitis in other viral infections 

A patient treated with immunosuppressive therapy for a lym¬ 
phoma developed a progressive neurological deficit characterized 
by decreasing alertness, epileptic seizures, blindness, deafness, 
and paraplegia (Koeppen et al. , 1981). Autopsy showed multiple 
infarcts in the brain and spinal cord due to occlusive arteriitis, and 
electron microscopy of brain and retinal tissue revealed particles 
compatible with CMV. Another patient with progressive focal neu¬ 
rologic deficit showed granulomatous vasculitis affecting the lep- 
tomeninx and adjacent vessels, and PCR revealed HSV type 1 as the 
cause of inflammation (Schmidt etal., 1992). Brain biopsy in a case 
with stealth viral encephalopathy delineated also focal perivas¬ 
cular lymphocytic inflammation in the leptomeninges and brain 
parenchyma (Martin, 1996). In all presumed viral vasculitides of 
the brain mentioned above, no CMV, HSV type 1, or stealth virus 


material was detected in the wall of cerebral arteries. Therefore, 
the cause of the vasculitis remains unclear. 
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IAKAYASU DISEASE 

Yukito Shinohara 


Introduction 

The clinical signs and symptoms caused by stenosing and obst¬ 
ructing processes in the aortic arch and the origin of its major 
branches, the innominate arteries, the carotid arteries, and the 
subclavian arteries, have an enormous variety of nomenclatures. 
These include Takayasu disease (Pahwa et al., 1959), Takayasu’s 
syndrome (Ask-Upmark and Fajers, 1956), Takayasu’s arteritis 
(I lirsch et al., 1964), Takayasu-Ohnishi’s disease (Hirose and Baba, 
1963), aortic arch syndrome (Frovig, 1946), aortic arch arteritis 
(Koszewski, 1958), aortitis syndrome, pulseless disease (Shimizu 
and Sano, 1951), pulseless syndrome (Lessoff and Glynn, 1959), 
reversed coarctation (Giffin, 1939), carotid-subclavian arteritis, 
brachiocephalic arteritis, chronic subclavian-carotid obstruction 
syndrome (Bustamante et al., 1954), chronic subclaviocarotid 
syndrome, syndrome of obliteration of supra-aortic branches 
(Martorell and Fabbe Tersol, 1944), obliterative brachiocephalic 
arteritis (Gibbons and King, 1957), thromboarteritis obliterans 
subclaviocarotica, thromboangiitis obliterans of the branches of 
the aortic arch (Kalmanson and Kalmansohn, 1957), panarteri¬ 
tis branchiocephalica (Gilmour, 1941), idiopathic medial aortopa- 
thy and arteriopathy (Marquis et al., 1968), Martorell syndrome, 
and so on. Among them, aortic arch syndrome and Takayasu dis¬ 
ease or Takayasu's arteritis are most often used to describe the 
overall clinical picture of this syndrome or disease. However, the 
term “aortic arch syndrome” can be used to describe many con¬ 
ditions including arteriosclerosis, syphilitic aortitis, young female 
arteritis of unknown etiology, and other pathological conditions 
(traumatic, congenital, thrombotic, neoplastic, embolic, and so 
on) (Judge et al., 1962; Ross and McKusick, 1953; Thurlbeck and 
Currens, 1959). In contrast, Takayasu disease usually means an 
arteritis of unknown origin, involving the aortic arch, with inflam¬ 
matory narrowing or obstruction of the proximal portion of the 
major branches, and occurring predominantly in young women. 
Therefore, Takayasu disease is one of the causes of aortic arch syn¬ 
drome and should be defined separately from other types of aortic 
arch syndrome. 

Historical review 

At the Annual Meeting of the Japanese Ophthalmological Soci¬ 
ety in 1905, Takayasu, a Japanese ophthalmologist, presented a 
21-year-old woman with peculiar eye ground findings in both 


eyes (1908). She had a wreath-like anastomosis surrounding the 
optic disc at a distance of 2 or 3 mm, and surrounding this was 
another circular anastomosis. There were anastomotic shunts of 
arterioles and venules. Both the surrounding vessels and their 
branches had lumps that were seen to move from day to day. 
Although Takayasu did not understand the etiology of the disease, 
this was the first description of the so-called Takayasu retinopa¬ 
thy (Ito, 1995). At the same meeting, Ohnishi mentioned a sim¬ 
ilar patient who had circular anastomosis and aneurysm-like 
lumps in the optic fundi, with no palpable radial pulses. Imme¬ 
diately afterwards, Kagoshima also mentioned a similar pulseless 
patient with cataracts. Those presentations and discussions were 
the origin of the term Takayasu disease or Takayasu-Ohnishi’s 
disease. However, according to Judge et al. (1962), Pokrovsky et 
al. (1980), and Bleck (1989), the first description of this kind 
of disorder, i.e. Takayasu disease, observed usually in young 
women, was not by Takayasu and Ohnishi, but by Davy (1839), 
and somewhat later it was also noted independently by Savory 
(1856) and by Kussmaul (1873). Because the term Takayasu dis¬ 
ease is now most commonly used, we have adopted it in this 
chapter. 


Epidemiology 

Koide and his colleagues (1992) performed epidemiological stud¬ 
ies in Japan from 1973 to 1991. The age distribution of the aortic 
arch syndrome, mainly Takayasu disease, is shown in Table 4.1. 
The female-to-male ratio was 11 to 1, and the great majority of 
patients developed their initial symptoms in their third or fourth 
decade; more recent results delineate slightly different manifesta¬ 
tions in an older population, probably due to the upward shift of 
the average age of the female population in Japan. As shown on 
the right of Table 4.1, the estimated age of onset was rather similar 
in all the studies. Children and teenagers may be affected, and it 
is also seen, although rarely, in infants (Stanley et al., 2003). 

In China, Deyu el al. (1992) reported 530 cases of Takayasu dis¬ 
ease. The age distribution was quite similar to that in Japan, but 
the female-to-male ratio was 2.9 to 1, which is very different from 
that in Japan. Hall eta/. (1985) suggested that the North American 
incidence of this disease was 2.6 per million per year. 

These results suggest that, while this disease has an unexplained 
predilection for Asians, it occurs in ail racial groups. 


Uncommon Causes of Stroke, 2nd edition, ed. Louis R. Caplan. Published by Cambridge University Press. © Cambridge University Press 2008. 
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fable 4.1 Age distribution and estimated age of onset of Takayasu disease in Japan 


Age distribution 

Year examined: 

Estimated age of 

onset 1973-5 

1982-4 

1991 

1973-5 

1982-4 

1991 

Age 







<9 

22 

3 

2 

11 

19 

10 

10 < 19 

180 

128 

47 

285 

333 

182 

20 < 29 

637 

397 

168 

453 

625 

342 

30 < 39 

527 

714 

213 

253 

408 

281 

40 <49 

448 

601 

387 

96 

233 

187 

50 <59 

218 

512 

357 

39 

138 

100 

60 <69 

84 

203 

228 

13 

22 

35 

70 <79 

20 

46 

72 

3 

10 

10 

Unknown 

12 

2 

1 

233 

818 

328 

Total number of 

2148 

2606 

1475 

1386 

2606 

1475 


patients 


Pathogenesis 

The etiology of this disease is unknown. An autoimmune patho¬ 
genesis is often suggested, but so far there is no direct evidence for 
this. Coexistent tuberculosis was also suspected to be one of the 
causes, but no direct evidence has been found, including the case 
of Takayasu (1908). 

Because Takayasu disease seems to occur predominantly in 
Asian countries and twin patients with this disease are some¬ 
times observed, there is a possibility that hereditary factors 
may participate in its pathophysiology. Dong et al. (1992) 
examined HLA-DP antigen in 64 patients with Takayasu disease 
and in 317 healthy individuals in the Japanese popula¬ 
tion, and found that the combination or haplotype of HLA- 
Bw52-DRB1*1502-DRB5*0102-DQA1*0103-DQB1*0601-DPA1*02- 
DPBI “0901 may confer susceptibility to this disorder, whereas 
another combination or haplotype of HLA-Bw54- DRB1 *0405- 
DRB4*0101-DQA1*0301-DQB1*0401 may confer resistance to the 
disease. 


Pathology and hemodynamics 

In Takayasu disease, the aortic arch, with its main arterial trunks 
and the descending aorta, as well as renal arteries, is the main site of 
inflammation. The lymphoplasmacytic inflammation affects pri¬ 
marily the tuna media, causing destruction of the elastic lamellae 
(acute phase). In the intermediate stage, the inflammatory infil¬ 
trate subsides, and the partially necrotic media is revascularized by 
new branches of the vasa vasorum. Secondary fibrosis of all layers 
causes thickening and loss of compliance of the vessel walls. The 
involved arteries are finally transformed into rigid, thick-walled 
tubes with severe narrowing or occlusion by superimposed throm¬ 
bosis. Saccular aneurysms may also arise during this phase (scle¬ 
rosing stage). 


Cerebral blood flow (CBF) studies were done in some patients 
by using single photon emission computed tomography (SPECT) 
(Grosset et al., 1992) and positron emission tomography (PET) 
(Takano etal., 1993). However, the results were different depend¬ 
ing on the patients and on their stages. In some patients, CBF was 
reduced in the watershed territories of the brain (Grosset et al., 
1992). In others, CBF and cerebral oxygen extraction fraction 
were well maintained (Takano etal., 1993), but the hemodynamic 
reserve and oxygen metabolism were impaired in patients with 
cerebral infarction (Takano etal., 1993). 

Classification of Takayasu disease 

Four types of aortic arch involvements in Takayasu disease had 
been proposed (fupi-I lerrera el al., 1979; Nakao etal., 1967). How¬ 
ever, the most recently devised classification was suggested in 
1996, and this divided the disease into six types (Hata etal., 1996; 
Moriwaki etal., 1997), as follows: 

1. Type I involves only the branches of the aortic arch. 

2. Type Ha involves the aorta only at its ascending portion and/or 
at the aortic arch. The branches of the aortic arch may be 
involved as well. The rest of the aorta is not affected. 

3. Type lib affects the descending thoracic aorta with or without 
involvement of the ascending aorta or the aortic arch with its 
branches. The abdominal aorta is not involved. 

4. Type III is concomitant involvement of the descending tho¬ 
racic aorta, the abdominal aorta, and/or the renal arteries. The 
ascending aorta and the aortic arch and its branches are not 
involved. 

5. Type IV involves only the abdominal aorta and/or the renal 
arteries. 

6. Type V is a generalized type, with combined features of the other 
types. 

Note: Involvement of the coronary and pulmonary arteries should 
be indicated as C(+) or P(+), respectively. 
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Clinical manifestations and prognosis 
Initial manifestations 

Takayasu disease is thought to begin clinically with symptoms 
of systemic inflammation (Bleck, 1989) or with eye symptoms 
(Takayasu, 1908). Bleck (1989) described myalgias, arthralgias, 
fatigue, fever, and weight loss as prominent early symptoms. He 
also mentioned that the occurrence of neurological symptoms 
such as claudication, transient ischemic attack, and stroke-like 
symptoms can seldom be categorized into early or late phe¬ 
nomena. However, Kerr et al. (1994) mentioned that only 33% 
of their patients had systemic symptoms. In a large study of 
more than 1000 patients in Japan (Koide, 1992), the most fre¬ 
quent chief complaints at the first visit in patients with Takayasu 
disease were symptoms related to ischemia of the extremities, 
such as paresthesia, cold sensation, pulselessness, claudication, 
and so on (72.3%, 969/1341), followed by systemic symptoms 
such as fever, easy fatigability, or lassitude (66.8%, 885/1324) 
and symptoms related to cerebral ischemia such as dizzi¬ 
ness, headache, syncope, and so on (64.6%, 837/1351 patients), 
although some headaches may not have been related to cerebral 
ischemia. 


Neurological symptoms related to stroke 

It is known that serious illness and death in younger patients with 
Takayasu disease is often due to central nervous system involve¬ 
ment. Cerebral vascular disease is usually a consequence of severe 
hypertension, or carotid or brachiocephalic obstruction. Among 
his 81 patients with Takayasu disease, Ishikawa (1981) reported 
that 5 of 16 deaths resulted from stroke. These 16 patients also had 
serious morbidity, including two subarachnoid hemorrhages, one 
intracerebral hemorrhage, two cases of acute unilateral blindness, 
and two cases of bilateral blindness. 

In contrast, Rose and Sinclair-Smith (1980) reported that 3 of 
16 deaths (mean age 20 years) were due to hypertensive intrac¬ 
erebral hemorrhages. In a large study in Japan (Koide, 1992), 8 
of 69 deaths were due to stroke in 1972 to 1975, and 5 of 59 
deaths were due to stroke in a study that was done in 1991. In 
the latter study, only 3 of 5 stroke deaths were from intracere¬ 
bral hemorrhage. Among the more than 59 deaths, 21 were from 
cardiac disorders and 12 were from rupture of aortic aneurysms. 
However, in a Chinese study (Deyu et al., 1992), cerebral hemor¬ 
rhage was the most common cause of death; 23.6% of deaths (13 
of 55 among 530 patients) were from cerebral hemorrhage, and 
3.6% (2 of 55 among 530) from cerebral infarction (Deyu et al., 
1992). 

Because the subclavian artery proximal to the origin of the ver¬ 
tebral artery is often involved earlier, diversion of blood from the 
vertebrobasilar territory into the subclavian artery via retrograde 
flow through the ipsilateral vertebral artery may occur. This steal 
phenomenon of the blood from the posterior circulation of the 
brain, if symptomatic, is called the “subclavian steal syndrome" 
(Reivich el al., 1961). 



Figure 4.1 X-ray angiography of a 57-year-old woman with Takayasu disease 
(estimated age of onset 23 years). Note occlusion of the left subclavian artery 
and collateral circulation through the left vertebral artery, although this patient 
did not show symptomatic subclavian steal syndrome. 

Diagnosis and laboratory data 

It is well known that the erythrocyte sedimentation rate (ESR) is 
elevated in most patients, particularly in the stage of exacerbation. 
At the first visit to the hospital, the laboratory abnormalities usually 
found were elevation of ESR, positive C-reactive protein (CRP), 
anemia, elevated serum gamma globulin, leukocytosis, and so on, 
in that order. 

Usually, physical examinations reveal weakness or right-to-left 
difference of radial pulsation, weakness of femoral arterial pul¬ 
sation, asymmetry of blood pressure, hypertension, cardiac mur¬ 
mur, bruit (especially in the neck, supraclavicular region, anterior 
chest), abnormal ocular findings, and so on. 

If such physical abnormalities and abnormal laboratory data 
are found, especially in young women, angiography should be 
performed to confirm the diagnosis. Angiography still remains the 
cornerstone of diagnosis (Figure 4.1). Magnetic resonance angiog¬ 
raphy (MRA) is also a useful tool for diagnosing Takayasu disease 
(Figure 4.2), because it avoids the risks of arterial puncture, iodi- 
nated contrast load, and radiation exposure. 

Recently, it has been emphasized that use of Doppler ultrasound, 
computed tomography angiography, and PET (Kissin and Merkel, 
2004, as well as MRI and MRA (Nastri etal., 2004), in combination, 
may facilitate the detection of Takayasu disease activity at a more 
treatable stage. 

Differential diagnosis 

Disorders that should be differentiated from Takayasu dis¬ 
ease include arteriosclerosis, Burger’s disease, congenital vessel 
anomalies, coarctation of the aorta, dissecting aneurysm, colla¬ 
gen disease, and Behcet's disease. 
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Figure 4.2 Magnetic resonance angiography of the same patient as in 
Figure 4.1. 


Complications 

Major complications of this disease include aortic regurgitation 
(33%), dilatation of aortic arch (27%), and renovascular hyperten¬ 
sion (21%) (Koide, 1992). Others include coarctation of the aorta, 
pulmonary infarction, myocardial infarction, and so on. 

As regards stroke, 16 patients with intracranial aneurysms 
were reported, and among them 13 were ruptured and 3 were 
unruptured (Asaoka etal., 1998). Intracranial aneurysms arose pre¬ 
dominantly along the course of collateral flow, especially in the ver¬ 
tebrobasilar system, and a high incidence of multiple aneurysms 
has been reported. In contrast, although extracranial carotid 
aneurysm caused by Takayasu disease is said to be extremely rare, 
6 among 106 cases have been reported by Tabata etal. (2001). 


subarachnoid hemorrhage, immediate detection of the site of the 
ruptured aneurysm is necessary, and immediate surgery should 
be performed. In patients with ischemic stroke, systemic blood 
pressure should not be reduced abruptly, but attention must 
always be paid to the control of extremely high blood pressure 
in order to prevent the development of cardiac failure. The use 
of antiplatelet drugs such as aspirin (81-350 mg/day) is recom¬ 
mended in ischemic stroke if blood pressure is not too high. In 
cerebral thrombosis, a thromboxane A2 inhibitor may be used in 
the acute stage. 

Togetherwiththemanagementofstroke,treatmentforTakayasu 
disease itself is also necessary in the active stage of the disease. 
Although there has been no randomized controlled study regard¬ 
ing the efficacy of medical and surgical treatments of Takayasu 
disease, it is generally believed that corticosteroids are effective 
in controlling the inflammatory symptoms. The dose of steroid is 
initially in the 0.5-1.5 mg/kg/ day or 20-75 mg/day predonisolone- 
equivalent range. Usually, the dose of steroid should be reduced 
by 5-10 mg every 2-3 weeks. Five to 10 mg should be continued 
until the ESR drops below 20 mm/h or CRP becomes negative. 
During the acute stage, surgical procedures, angiography with 
contrast media, or percutaneous angioplasty should be avoided. 
In this connection, MRA (Figure 4.2) is a useful noninvasive 
method to diagnose this disease atraumatically. Immunosup¬ 
pressants such as cyclophosphamide, methotrexate, mycophe- 
nolate mofetil, azathioprine, or 6-mercaptopurine added to 
corticosteroids may induce remission. Anticoagulants such as 
heparin or warfarin have been used in the hope of preventing 
thrombosis distal to the stenosis or occlusions, but so far no data 
concerning efficacy are available. 

A better understanding of the pathogenesis has led to trials with 
anti-tumor necrosis factor-13 in patients with refractory disease, 
and preliminary results are encouraging (Hoffman et al., 2004: 
Liang and Hoffman, 2004). 

Surgical procedures, including intravascular techniques, are 
necessary in some cases with severe aortic regurgitation, aortic 
coarctation, or renovascular hypertension. However, these proce¬ 
dures should not be undertaken in the acute stage of inflammation 
or stroke. Aneurysms or aneurysm-like dilation may be observed 
in the territories of the brachiocephalic artery, subclavian arteries, 
descending aorta, or the carotid arteries as well as cerebral arteries. 
If the aneurysm increases in size during observation, surgical treat¬ 
ment should be done before rupture. Subclavian steal syndrome or 
moderate carotid stenosis, as well as renal artery stenosis (Sharma 
etal., 1992), may be an indication for angioplasty and/or stenting. 


Therapy 

Concerning the treatment and management of Takayasu dis¬ 
ease patients with stroke, one has to consider the treatment of 
Takayasu disease and stroke separately. Intracerebral hemorrhage 
in Takayasu disease can be managed in the same way as usual 
hypertensive intracerebral hemorrhage. Because the patients 
may have aortic regurgitation, aortic arch dilation, or intracra¬ 
nial aneurysms, the control of high blood pressure is essential, 
especially in patients with hemorrhagic stroke. In patients with 
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BURGER'S DISEASE (THROMBOANGIITIS OBLITERANS) 

Hans-Christoph Diener and Tobias Kurth 


Introduction 

Burger’s disease or thromboangiitis obliterans (TAO) is a 
nonatherosclerotic segmental inflammatory obliterative vascular 
disease that affects medium- and small-sized arteries as well as 
superficial veins. Distal vessels of the legs and arms are mainly 
involved. Affected patients are mostly young male smokers, who 
can develop ulcers and gangrene of the toes and fingers as a result 
of the vascular ischemia, often requiring minor and sometimes 
major limb amputation. TAO rarely affects cerebral and visceral 
vessels and even more rarely deep veins. It was first described by 
von Winiwarter in 1879 and later by Burger in 1908. The patho¬ 
logical examination may show two phases of the disease. In the 
acute phase, arteries or veins are occluded by a fresh thrombus 
(Crawford, 1977) and the intima is inflamed. Endothelial cells pro¬ 
liferate, and lymphocytes can be observed in the intima, which, in 
addition can showfibrinoid necrosis (Leu, 1969; Leu and Brunner, 
1973). In the chronic phase, pathological changes are nonspecific 
and include recanalization of the organized thrombus and perivas¬ 
cular fibrosis. 

According to Ztilch and Pilz (1989), Burger's disease manifested 
in the brain has the following morphologic characteristics: 

1. arterial occlusions caused by thrombosis in small arteries with¬ 
out arteriosclerosis, 

2. spatial predilection for the cerebral surface in the watershed 
region between the middle cerebral, anterior, and posterior 
cerebral arteries. 

Lindenberg and Spatz (1940) described two neuropathologically 
distinct forms of cerebral TAO: 

1. one form with changes of the arteries with a diameter less than 
1 mm; and 

2. another form with thrombosis of the large basal arteries (inter¬ 
nal carotid artery or middle cerebral artery) in combination with 
involvement of distal small arteries (Briebach etal., 1991). 

The cerebral form of TAO was criticized by Fisher (1957), who 
doubted that a cerebral form of TAO existed. Others contended 
that the vascular changes could be caused by pial artery occlusion 
in the presence of systemic arterial hypotension (Romanuel and 
Abramowitz, 1964). 

Epidemiology 

The incidence of TAO strongly varies by gender. A male-to-female 
ratio variation between 8:1 and 3.3:1 has been reported (Mills 


and Porter, 1991; Olin et al., 1990). Recent studies have shown a 
ratio as large as 14:1 or even greater (Jimenez-Paredes etal., 1998; 
Puchmayer, 1996). In white men younger than 45 years, the inci¬ 
dence is estimated between 8 and 12 per 100 000 per year (DeBakey 
and Cohen, 1963; Lie, 1989). It is more common in Eastern Europe, 
the Middle East, and Asia than in Western countries, most likely 
due to heavy smoking habits in these countries (Reny and Cabane, 
1998). During the last decade, a decrease of the prevalence of TAO 
has been reported (Matsushita et al., 1998). The median age at 
the time of diagnosis is between 35 and 45 years. The cerebral 
form of TAO accounts for about 2% of all cases of TAO (Lippmann, 
1952; Ziilch and Pilz, 1989). Inzelberg et al. (1989) evaluated 46 
TAO patients during 833 patient-years. Only one patient with no 
other risk factor for stroke developed a transient aphasia and right 
hemiparesis (Inzelberg et al., 1989). The result of this study sug¬ 
gests that the rarity of the cerebral manifestation makes it difficult 
to conclude that cerebrovascular manifestations are part of this 
disease. 


Pathogenesis 

The pathogenesis of TAO is still poorly understood, and there is 
no specific marker of the disease. TAO in the limbs is seen almost 
exclusively in smokers. Cessation of smoking leads to regression of 
the vessel lesions and finally to remission. Several studies indicate 
that autoimmune mechanisms act via a cell-mediated immune 
response to human artery type-specific collagens (Adar etal., 1983; 
Papa etal., 1992). A tobacco antigen has been suggested as a cause 
of vascular reactivity in cigarette smokers. A study by Papa et al. 
(1992) of 13 patients with TAO, 16 healthy smokers, and 12 non- 
smokers found identical cellular responses to tobacco glycopro¬ 
tein in smokers and patients with TAO. Patients with TAO had a 
significantly higher frequency of HLA-DR4 and a lower frequency 
of HLA-DRW6 antigens. Other studies report a significant increase 
in other HLA antibodies (HLA-B40, HLA-B35, and HLA-DR2) and 
anticollagen antibodies in patients with TAO (Fernandez-Miranda 
etal, 1993; Jaini el al., 1998). These results indicate that an autoim¬ 
mune mechanism may be involved. Pietraszek et al. (1993) found 
an increased blood level of free serotonin and a decreased max¬ 
imal platelet serotonin uptake velocity. This may lead to platelet 
activation via 5-HT2 receptors (Pietraszek et al., 1993). Another 
possible association is between Burger’s disease and hyperhomo- 
cysteinemia (Calgiineri etal., 2004). 
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fable 5.1 Diagnostic criteria 


A. Onset of distal extremity ischemic symptoms before 45 years 

of age 

B. Normal arteries proximal to the popliteal or distal brachial level 

C. Distal occlusive disease documented by distinctive plethysmo- 

graphic, arteriographic, or pathological findings 

D. Absence of any of the following conditions: 

1. proximal embolic source 

2. trauma 

3. autoimmune disease 

4. diabetes 

5. hyperlipidemia 

Source: From Mills and Porter (1991) 

Clinical features 

TAO is characterized by claudication or ischemia of both legs and 
less so of the arms. The disease begins distally and progresses more 
proximally. With disease progression, Raynaud’s phenomenon 
(34%), involvement of the upper extremities (34%), and superfi¬ 
cial phlebitis (37%) occur (Mills and Porter, 1991). Two limbs are 
affected in 16%, three in 41 %, and all limbs in 43% (Shionoya, 1989). 
Later during the disease, gangrene, ulcerations, and rest pain are 
the leading symptoms. Leg amputation is required in 5-15% and 
finger amputations in 15-20% of patients (Joyce, 1990). Diagnostic 
criteria are shown in Table 5.1. 

The clinical picture of neurological disturbances is nonspecific; 
monoparesis, hemiparesis, visual field defects, aphasia, dysar¬ 
thria, and cerebellar symptoms may occur (Harten et al., 1996; 
Ziilch and Pilz, 1989). One patient with involvement of the exter¬ 
nal carotid artery showing vascular lesions in the oral cavity was 
described by Farish etal. (1990). 

The diagnosis of TAO requires the exclusion of an embolic 
source, autoimmune disease, diabetes, and hyperlipidemia. Arte¬ 
riography should show the distal involvement with normal arte¬ 
rial lumen proximal to the popliteal or distal brachial level and the 
absence of atheromatous changes in the large vessels. 

Therapy 

Abstinence from tobacco will likely halt disease progression and 
sometimes result in regression of vascular changes. Among TAO 
patients, ex-smokers have a significantly lower frequency of ampu¬ 
tations than smokers do. It is not known whether immunosup¬ 
pressive therapy with azathioprine is helpful. Corticosteroids, 
reserpine, calcium channel blockers, alpha-blockers, antiplatelet 
drugs, and anticoagulants are not effective (Olin etal., 1990). There 
are no reports of a specific therapy for the cerebral form of TAO. 
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NEUROSYPHILIS AND STROKE 

Larry E. Davis and Glenn D. Graham 


Treponema pallidum 

Treponema pallidum spirochetes are slender, tightly coiled, uni¬ 
cellular, helical bacteria 5-15 nm in length and 0.09-0.18 nm wide 
(Tramont, 2005). The genome is a single, circular chromosome of 
about 1 138 000 base pairs, which places it in the lowest range for 
all bacteria. In addition, unlike most other pathogenic bacteria, 
the genome lacks apparent transposable elements. These obser¬ 
vations may explain why T. pallidum has remained sensitive to 
penicillin for more than 60 years and is so difficult to cultivate. 
T. pallidum has not been successfully cultured in vitro although 
the spirochete will infect experimental animals such as rabbits 
and monkeys. The width of T. pallidum is so narrow that the spiro¬ 
chetes are not visualized by light microscopic examination of fixed 
cerebrospinal fluid (CSF) sediment or brain tissues using Gram 
or hematoxylin and eosin stains. However, spirochetes may be 
detected by light microscopy when silver stains or immunohis- 
tochemistry stains are used. 

In nature, the only host for T. pallidum is man. The organ¬ 
ism is transmitted from person to person, mainly through sex¬ 
ual intercourse, when the spirochete penetrates intact mucosal 
membranes. However, occasional transmission has followed kiss¬ 
ing or close contact with an infected primary lesion, via infected 
fresh blood transfusion, from accidental inoculation, or by spread 
across the placenta from an infected mother to her fetus (con¬ 
genital syphilis). The number of spirochetes required to infect a 
human is unknown but rabbits can be infected with as few as four 
organisms. 

History and epidemiology of neurosyphilis 

The origin of syphilis remains unknown. However, by the six¬ 
teenth century it had rapidly spread throughout Europe, report¬ 
edly causing high morbidity and mortality. Unfortunately, little 
is known about what syphilis did to the central nervous system 
(CNS) and the types of vascular disease it may have caused in 
past centuries. By the twentieth century, but before the advent of 
penicillin, syphilis had become less virulent. It was estimated that 
approximately 10% of adults living in New York, Paris, or Berlin 
had a positive Wasserman blood test (nontreponemal antibody 
test similar to the rapid plasma reagin [RPR] or Venereal Disease 
Research Laboratory [VDRL] assay). In spite of the high prevalence 
of syphilis, relatively few patients developed severe disease. In 
one study of 473 patients with untreated early syphilis, two-thirds 


never developed clinical symptoms and only 9.5% developed neu¬ 
rosyphilis (Moore, 1941). A separate study estimated thatonly6.5% 
of infected individuals subsequently developed symptomatic neu¬ 
rosyphilis, with 2.3% developing meningovascular syphilis (Clark 
and Danbolt, 1955). The change in disease severity might reflect 
a spontaneous decrease in the organism’s virulence or adaptation 
to the host. 

With the discovery of penicillin, the prevalence of syphilis in the 
United States rapidly fell from about 400 cases/100,000 popula¬ 
tion in the 1940s to less than 100 cases/100,000 in the late 1950s 
and to less than 30 cases/100,000 by 1990 (Peterman etal., 2005). 
However, the prevalence of primary and secondary syphilis rose 
again in early 2000, particularly in young men (Peterman et ai, 
2005; San Francisco Department of Public Health, 2005). In San 
Francisco, the incidence of neurosyphilis has risen sixfold since 
2000 (San Francisco Department of Public Health, 2005). Fortu¬ 
nately, syphilis still remains uncommon in developed countries. 
Unfortunately, worldwide syphilis remains a serious disease with 
an estimated 12 million new cases occurring each year (Hook and 
Peeling, 2004). 


Pathogenesis of early neurosyphilis 

Neurosyphilis begins with invasion of the CNS by spirochetes dur¬ 
ing the period of spirochete dissemination from the primary lesion 
(called “secondary syphilis”). The term “early neurosyphilis” refers 
to meningitis associated with secondary syphilis, asymptomatic 
neurosyphilis, and meningovascular syphilis and lasts up to two 
decades (Merritt et al., 1946; Simon, 1985). Late neurosyphilis 
involves general paresis and tabes dorsalis, develops from spiro¬ 
chete invasion of the brain or spinal cord parenchyma, and typ¬ 
ically develops decades after the initial infection (Marra, 2004; 
Simon, 1985). 

Secondary syphilis begins 2-12 weeks (mean 6 weeks) after the 
primary infection (Marra, 2004). In 40% of these patients, there 
is dissemination to the CNS. Cerebrospinal fluid findings include 
a mononuclear cell pleocytosis, slightly elevated protein, normal 
glucose, reactive CSF-VDRL test, and identification of spirochetes 
by animal inoculation, polymerase chain reaction, or histologic 
staining (Davis and Sperry, 1978; Lukehart etal., 1988; Merritt and 
Moore, 1935; Noordhoek et al., 1991). 

While most patients with secondary syphilis do not develop 
signs of meningitis, occasionally patients develop aseptic 
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meningitis with headaches, nausea, stiff neck, and low-grade fever 
(Merritt and Moore, 1935). A few patients will also develop unilat¬ 
eral or bilateral cranial nerve palsies, especially peripheral facial 
palsy, deafness and/or vertigo, diplopia, or difficulty in swal¬ 
lowing or protruding the tongue (Alpers, 1954). A few patients 
with secondary syphilis also develop strokes (Merritt and Moore, 
1935). 

In most patients with CNS involvement during secondary 
syphilis, the spirochetes disappear from the CSF and the meningi¬ 
tis spontaneously terminates. In some patients the CNS infection 
persists and a stage of asymptomatic neurosyphilis begins. Five to 
10 years later, growth of spirochetes in the meninges may result in 
meningovascular syphilis (Simon, 1985). 

Meningovascular syphilis 

The incidence of strokes from meningovascular syphilis in the 
prepenicillin era had been estimated to range from 2.3% to 20% 
of all neurosyphilis cases (Clark and Danbolt, 1955; Kierland etal., 
1942; Merritt et al., 1946; Moore, 1941). In the postantibiotic era, 
the reported incidence of strokes from meningovascular syphilis 
ranges from 7% to 23% of all patients with neurosyphilis (Aho etal., 
1969; Burke and Schaberg, 1985; Danielsen et al., 2004; Hoosh- 
mand etal., 1972; Hotson, 1981; Nordenbo and Sorensen, 1981; 
Perdrup etal., 1981; Timmermans and Carr, 2004). Some of these 
reports gave data only on meningovascular syphilis and did not 
distinguish between those patients with strokes and those with 
only cranial nerve palsies. 

The percentage of strokes due to neurosyphilis fell because of 
a dramatic reduction in syphilis in developed countries. A study 
of 218 consecutive patients with a transient ischemic attack (TIA) 
or stroke concluded that meningovascular syphilis is an uncom¬ 
mon cause for strokes, accounting for only 0.4% of stroke patients 
(Kelley etal., 1989). Another Australian study of700 stroke patients 
(14 of whom were young) failed to find syphilis as the cause in any 
(Chambers etal., 1981). 

The pathology of meningovascular syphilis has two major com¬ 
ponents. The cause of most cerebrovascular disease is syphilitic 
endarteritis, usually involving medium-to-large meningeal arter¬ 
ies, called Heubner’s endarteritis (Gray and Alonso, 2002). These 
arteries have concentric collagenous thickening of the intima 
(endarteritis obliterans) and corresponding thinning of the media. 
The elastic lamina remains intact, but there may be splitting. Lym¬ 
phocytes and plasma cells infiltrate the thickened adventitia and 
penetrate the media. Lumen constriction occurs from endothe¬ 
lial proliferation and thickening that can be sufficient to produce 
ischemic lesions of the brain and spinal cord. The middle cerebral 
artery is the most commonly involved vessel leading to a stroke, 
but occasionally the anterior cerebral, posterior cerebral, or basilar 
artery branches are involved (Merritt etal., 1946). The pathology of 
the cerebral infarction does not differ from that of other ischemic 
strokes. 

The meninges primarily along the base of the brain have a dif¬ 
fuse or localized chronic inflammation, and some arteries within 
the meninges are affected by Huebner’s endarteritis (Gray and 
Alonso, 2002). Lymphocytes and some plasma cells combine with 


fibrous tissue to form perivascular infiltrates around blood vessels 
along the brainstem in the thickened meninges. The periarteri¬ 
tis may produce cranial nerve palsies and occasionally brainstem 
ischemic strokes from thrombosis of small penetrating arteries 
from the vertebral or basilar artery (Brightbill et al., 1995; Johns 
etal., 1987; Tyler etal., 1994; Umashankar etal., 2004). 

The clinical features of brain ischemia from meningovascular 
syphilis differ from those usually seen in other causes of ischemic 
strokes. The patient’s age at stroke onset is much younger than the 
typical patient age seen in the more common causes of ischemic 
stroke. Ninety percent of neurosyphilis strokes are in patients 
between 30 and 50 years of age (Merritt et al., 1946). The stroke 
incidence is higher in men than women. 

About 25% of patients develop a prodrome of headaches, dizzi¬ 
ness, and/or emotional disturbances days to weeks prior to the 
stroke (Merritt ef al., 1946). Signs and symptoms of cerebral vascu¬ 
lar syphilis vary by site of the infarction. Overall, about 80% develop 
a hemiparesis, 30% aphasia, 15% hemihypesthesia, 7% hemian- 
opia, and 15% seizures (Alpers, 1954; Merritt etal., 1946; Perdrup 
etal., 1981). Because the patient may have coexistent chronic basi¬ 
lar meningitis, about 10% will also have cranial nerve palsies, and 
30% will have abnormal pupils.Ofnote,25%of patients with stroke 
will have their symptoms evolve over several days instead of the 
typical sudden onset (Merritt etal., 1946). Because T. pallidum can 
simultaneously infect the meninges and brain parenchyma, some 
patients also may have cognitive decline or frank dementia from 
general paresis. 

Brain CT or MRI of patients with meningovascular syphilis 
and stroke typically show abnormalities consistent with ischemic 
lesions, which may be multiple (Brightbill et al., 1995; Holland 
et al., 1986). Conventional angiography or magnetic resonance 
angiography typically shows evidence of arteritis with concentric 
narrowing of large vessels and often focal narrowing and occa¬ 
sionally dilatation of smaller arteries (Brightbill et al., 1995; Flint 
etal., 2005; Gaa etal., 2004; Gallego etal., 1994; Peters etal., 1993; 
Vatz et al., 1974). The findings are not specific and are compat¬ 
ible with other types of CNS vasculitis and with vasoconstric¬ 
tion unrelated to vasculitis. In a few patients with a stroke and 
CSF evidence of meningovascular syphilis, arterial imaging may 
show another cause for the stroke, such as atherosclerosis. At other 
times, atherosclerosis may be present along with arteritis (Landi 
etal., 1990). MRI with gadolinium often shows enhancement and 
thickening of the meninges around the cisterns and brainstem 
and, occasionally, over the cerebral cortex (Brightbill et al., 1995; 
Good and Jager, 2000). Nontreponemal extracranial vascular dis¬ 
ease may also be present (Aldrich etal., 1983). 

The CSF should always be abnormal. The opening pressure in a 
lumbar puncture may be normal to slightly elevated. The CSF typ¬ 
ically has a mononuclear cell pleocytosis of 20 to several hundred 
cells per microliter, normal glucose levels, and protein levels range 
from normal to 250 mg/dL. Oligoclonal bands and elevated CSF 
immunoglobulin G (IgG) levels are often present (Vartdal et al., 
1982). In meningovascular syphilis, the ability to isolate spiro¬ 
chetes by animal inoculation of CSF is very difficult in contrast 
to secondary syphilis, in which spirochetes can be isolated in up 
to 30% (Lukehart etal., 1988). 
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Syphilitic myelitis and spinal cord stroke 

Syphilis of the spinal cord is a clinical rarity and usually accompa¬ 
nies other forms of cerebral syphilitic involvement. In the classic 
preantibiotic series at Boston City Hospital, only 31 (1%) of the 
2263 patients with syphilis had nontabetic spinal cord damage 
(Merritt et al., 1946). Only one-third of those with spinal cord 
disease had spinal vascular syphilis. Patients could present with an 
insidious onset or suddenly develop an acute transverse myelitis 
syndrome. The principal symptoms include paraparesis or 
paraplegia, urinary and fecal incontinence, and sensory abnor¬ 
malities with paresthesias, pain, or sensory loss in the lower 
back and legs. Available pathology shows that the patients had 
a chronic spinal meningitis with some larger vessels showing 
typical Heubner’s endarteritis. The thoracic spinal cord is the 
most commonly affected, and patients may present like an acute 
transverse myelitis. Spinal syphilis is only rarely seen today 
(Fisher and Poser, 1977; Harrigan et al., 1984; Lowenstein et al., 
1987; Silber, 1989). The MRI typically shows short segment, high 
signal intensity in the thoracic cord on T2-weighted images and 
abnormal enhancement, predominately in the superficial parts 
of the spinal cord, on gadolinium-enhanced images (Lowenstein 
eta/., 1987; Nabatame era/., 1992). 

Involvement of the cervical spinal cord with quadriplegia is 
extraordinarily rare but has developed following a syphilitic 
gumma necrosing the cervical cord or from development of a 
firm fibrous sheath surrounding the cervical cord (syphilitic hyper¬ 
trophic pachymeningitis) (Merritt era/., 1946; Silber, 1989). 

HIV and neurosyphilis 

Considerable evidence shows that immunodehciency impairs the 
clearance of T. pallidum from the CNS and may accelerate the 
course of neurosyphilis (Funnye and Akhtar, 2003; Marra, 2004). 
Individuals with T. pallidum are at higher risk of concurrent HIV 
infection. The dual infection results in a higher HIV load (Buchacz 
et al., 2004). Accordingly, HIV tests are recommended in every 
patient with neurosyphilis (Golden et al., 2003). In addition, HIV 
patients with untreated syphilis have an increased risk (24%) of 
neurosyphilis (Bordon et al, 1995). Thus, a CSF-VDRL test is 
needed in every HIV patient who develops cerebrovascular dis¬ 
ease, especially if the serum Fluorescent Treponemal Antibody 
Absorption Assay (FTA-ABS) or RPR test is reactive. 

Currently, in the HIV patient both the CSF-VDRL and CSF- 
FTA-ABS tests appear adequate for diagnosis of meningovascu¬ 
lar syphilis, but slightly more false-positive serum RPR tests are 
encountered. Treating the patient infected with both T. pallidum 
and HIV may be difficult. There is evidence that penicillin treat¬ 
ment for a duration longer than 14 days is required for meningo¬ 
vascular syphilis in the HIV patient (Marra ef al., 2004). 

Diagnostic evaluation for syphilis in a patient 
with cerebrovascular disease 

Although cerebrovascular disease from neurosyphilis is uncom¬ 
mon in developed countries, there are several risk factors that 
increase the probability (Table 6.1). 


fable 6.1 Diagnostic work-up for syphilis in patients with 
cerebrovascular disease 


Risk factors that increase the probability of neurosyphilis 

1) Patient is 25-50 years old (younger than expected age in most 

causes of strokes or TIAs). 

2) Patient has a history of syphilis (treated or unknown 

treatment) or other sexually transmitted diseases. 

3) Patient is infected with HIV. 

4) Patient immigrated to the United States as an adult from a 

high-syphilis-risk country such as sub-Saharan Africa, 

south or southeast Asia, Latin America, or the 

Caribbean. 

5) Patient has stroke symptoms progressing over 24 hours. 

6) Patient is young adult with stroke plus history of progressive 

cognitive impairment or prior cranial nerve palsies. 

7) Patient has neuroimaging suggestive of arteritis. 

Recommended laboratory tests* 

Serum: 

RPR 

FTA-ABS or other treponemal-specific antibody test 

CSF 

Cell count 

Glucose 

Protein 

IgG level or IgG index 

Oligoclonal bands 

CSF-VDRL 

CSF-FTA-ABS test under specific conditions 

Neuroimaging* 

MR angiography or conventional arteriography 

*See text for details of interpretation of results 

The following laboratory tests help to establish the diagno¬ 
sis. More than 95% of patients with early neurosyphilis have 
a positive serum RPR test with titers ranging from 1:2 to 
>1:128. The RPR and VDRL tests are nontreponemal tests and 
measure IgG and immunoglobulin M (IgM) antibodies to a 
cardiolipin-lecithin-cholesterol antigen. The reactivity of these 
tests generally reflects the activity of disease, and titers decline 
often to zero following effective antibiotic treatment. A reactive 
serum RPR test must be confirmed with a positive serum FTA- 
ABS or T. pallidum particle agglutination (TPPA) test to insure that 
the RPR reactivity is specific for syphilis. These treponemal tests 
measure IgG and IgM antibodies to T. pallidum. Most patients 
who have reactive specific treponemal tests will have reactive tests 
for the remainder of their lives, regardless of treatment or disease 
activity. A reactive serum RPR or FTA-ABS test confirms that the 
patient has active syphilis but does not signify that the patient has 
neurosyphilis. 

The diagnosis of neurosyphilis requires a lumbar puncture and 
CSF examination. The CSF should always have a pleocytosis of 10 
to several hundred white blood cells (predominately lymphocytes 
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and plasma cells) per microliter. The CSF glucose is normal. The 
CSF protein is typically elevated in the range of 60-250 mg/dL and 
usually contains an elevated IgG index and the presence of several 
oligoclonal bands (Vartdal etal., 1982). The oligoclonal bands are 
directed against T. pallidum antigens when tested in a research 
laboratory. 

The CSF-VDRL test is highly specific, but is relatively insensi¬ 
tive. The test is reactive only in about 75% of patients with syphilis 
(Centers for Disease Control and Prevention [CDC], 2002). A reac¬ 
tive CSF-VDRL test is diagnostic for neurosyphilis because factors 
that cause false-positive serum RPR titers are only rarely present 
in CSF (CDC, 2002). 

The difficulty comes when the patient lacks apositive CSF-VDRL 
test but has clinical, arteriographic, and CSF findings that are sus¬ 
picious for neurosyphilis. This occasionally develops in patients 
who have vascular disease from secondary syphilitic meningitis 
or from meningovascular syphilis (CDC, 2002; Marra, 2004). If the 
clinical picture and the rest of the CSF are suspicious for meningo¬ 
vascular syphilis, a reactive CSF-FTA-ABS (without blood contam¬ 
ination in the CSF) is usually considered diagnostic (CDC, 2002). 
Conversely, a negative CSF-FTA-ABS test excludes neurosyphilis 
(CDC, 2002; Davis and Schmitt, 1989) 


Treatment 

Penicillin is the main treatment for neurosyphilis, but penicillin 
must achieve sustained treponemicidal CSF levels for a pro¬ 
longed period to cure. The long treatment period is necessary 
because penicillin kills only during bacterial cell division and 
T. pallidum has a slow replication rate of 30 hours. Aqueous 
crystalline penicillin G in adults is administered as 3-4 million 
units intravenously every 4 hours or by continuous infusion for 
10-14 days (CDC, 2002). Following the end of the intravenous 
treatment, the patient often is given intramuscular benzathine 
penicillin (2.4 million units) at 1-week intervals for 3 weeks, espe¬ 
cially if there is also HIV infection (Jay, 2006). The major adverse 
effects of penicillin include anaphylaxis, rash, Stevens-Johnson 
syndrome, drug-induced eosinophilia, hemolytic anemia, throm¬ 
bocytopenia, neutropenia, seizures, interstitial nephritis, and 
pseudomembranous enterocolitis. Because each million units of 
penicillin contain 1.7 meQ of potassium, serum potassium levels 
should be carefully followed in patients with renal insufficiency 
(Jay, 2006). 

If the patient is allergic to penicillin, desensitization to peni¬ 
cillin should be considered (see CDC, 2002, for method). The CDC 
syphilis treatment guidelines are published about every 4 years, so 
one should always consult the latest version. Ceftriaxone (in adults, 
2 g intravenously once daily for 14 days) is currently the alternative 
treatment of choice in the few patients who cannot be desensitized 
to penicillin (Marra, 2004). Of note, azithromycin as an alterna¬ 
tive antibiotic should seldom be used because macrolide-resistant 
mutations of T. pallidum are being detected (Lukehart et al., 
2004). 


Stroke rehabilitation 

No studies have been specifically conducted regarding the reha¬ 
bilitation of patients following stroke related to syphilis. However, 
individual case reports describe clinical improvement in syphilitic 
stroke patients with rehabilitation (Umashankar et al., 2004). We 
recommend that current guidelines for provision of rehabilitation 
services following stroke be followed (Bates et al., 2005; Duncan 
et al., 2005). Patients diagnosed with meningovascular or other 
forms of syphilis following presentation for acute stroke will 
typically spend several weeks as hospital inpatients to receive 
intravenous penicillin therapy. This treatment period provides 
a natural time frame within which to initiate inpatient rehabili¬ 
tation, either in an acute neurological/medical or rehabilitation 
ward setting. 

Follow-up 

Even though the peak infectious period for syphilis transmission 
occurs many years before a stroke, it is still important to urge the 
patient to notify all sexual partners (even if the relationship was 
years ago) to have serum RPR and FTA-ABS tests. 

Every patient with neurosyphilis requires clinical and serologi¬ 
cal follow-up at 3, 6, and possibly 12 months (CDC, 2002; Golden 
etal., 2003; Marra, 2004). The first repeat CSF examination is best 
at 3 months after treatment to decrease patient loss in follow-up. 
One prospective study found that the median time for normal¬ 
ization of CSF, including the white blood cell count, CSF-VDRL, 
and serum RPR, was 3-4 months (Marra et al., 2004). CSF pro¬ 
tein resolves slower. If the CSF is normal at 3 months, then further 
lumbar punctures are not needed. CDC guidelines recommend 
that, if the CSF cell count has not markedly decreased by 6 months 
or the CSF is not normal after 2 years, retreatment should be con¬ 
sidered (CDC, 2002). Other experts recommend retreatment when 
there is failure of the serum RPR and CSF-VDRL to decline fourfold 
or to negative by 1 year (Marra, 2004). Remember that syphilitic 
re-infections do occur, so recurrence may not indicate treatment 
failure. 

What happens to the cerebral arteritis and arterial stenosis fol¬ 
lowing penicillin therapy is unclear, as limited follow-up imaging 
studies have been performed (Kelley et al., 2003). Because of this, 
patients should also receive daily aspirin, or another antiplatelet 
agent, to minimize further strokes. 
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VASCULITIS AND STROKE DUE TO TUBERCULOSIS 

Sarosh M. Katrak 


Tuberculosis (TB) is considered one of the oldest diseases known to 
man. A human skeleton with evidence of spinal TB from a neolithic 
cemetery was found near Heidelberg in 1904. This is considered 
to be the first documented record of human TB (Morse, 1961). It is 
unfortunate that, despite advances in prophylactic and therapeu¬ 
tic measures, this disease still remains a scourge in large parts of 
the world. To make matters worse, the HIV pandemic has brought 
about a resurgence of this dreaded disease in many developed 
countries (Berenguer etal., 1992; Dube etal., 1992) and an explo¬ 
sion of all forms of TB in developing countries, some of which are 
the poorest in the world. 

Tuberculous meningitis (TBM) is the most common form of neu¬ 
rotuberculosis, accounting for 70-80% of the cases (Udani et al., 
1971). TBM is still a crippling disease with a high degree of morbi¬ 
dity and mortality. One of the most severe complications of TBM is 
stroke resulting from vascular involvement. Although the first clin¬ 
ical description of arteritis in TBM in the indexed literature was by 
Collomb etal. (1967), Baumgarten (1881) is believed to be the first 
to describe these changes in autopsy specimens. Since the early 
1970s, considerable work has been published from the Indian sub¬ 
continent on the clinical, pathological, and angiographic studies 
of vasculitis and strokes in TBM. The newer techniques of neu¬ 
roimaging - CT scans, MRI, and digital subtraction angiography 
(DSA) - have added to our understanding of this dreaded compli¬ 
cation of TBM. 

TBM is invariably secondary to a primary involvement of 
some extracranial organ, very often pulmonary TB (Vashishta and 
Banerjee, 1999). Our understanding of the pathogenesis of TBM 
begins with comprehensive and meticulous studies by Rich and 
McCordock (1933). They showed that there was a subcortical or 
meningeal focus, later called the “Rich focus,” from which bacilli 
gained access to the subarachnoid space. Once it gains entry, there 
are many factors that determine the type of lesions seen in the cen¬ 
tral nervous system (CNS). The time lapse between onset of infec¬ 
tion and institution of therapy, the age of the patient, the immune 
status of the patient, and the virulence and drug sensitivity of 
the bacillus are important determinants modifying the pathology 
of neurotuberculosis. Gross examination of the brain at autopsy 
showed that a thick exudate was most frequently present on the 
basal aspect (Dastur and Lalitha, 1973; Thomas etal., 1997), where 
the structures are obscured. Coronal slices of the brain reveal thick 
organized exudates all around the optic chiasm, extending into 
the Sylvian fissures entrapping the middle cerebral arteries and its 
branches. 


Askanazy (1910) first described the triad of vascular changes in 
TBM: panarteritis involving all three coats in a tuberculous pro¬ 
cess, caseation of the vessel wall, and fibrinoid swelling. Since then, 
changes involving the vessels in the brain are the most intensively 
studied and one of the landmark histopathological features of 
TBM. Macroscopically, the basal arteries, particularly the MCA and 
its branches are maximally involved. Microscopically, the vascular 
changes include endoarteritis, periarteritis, vascular edema, fib¬ 
rinoid necrosis, and thrombosis (Dastur and Lalitha, 1973; Desh- 
pande etal., 1969; Shankar, 1989; Vashishta and Banerjee, 1999). 
However, the pathogenesis of the infarcts found predominantly 
in the MCA territory is controversial. Based on angiographic and 
pathological studies, some believe that the MCA and its perforat¬ 
ing branches are preferentially involved in the copious exudates 
with “throttling and occlusion” of the larger arteries (Dastur etal., 
1970; Rojas-Echeverri et al., 1996; Vashishta and Banerjee, 1999; 
Wadia and Singhal, 1967), producing infarcts in the basal ganglia. 
However, “there was an absence of thrombosis” in the occluded 
vessels (Dastur and Lalitha, 1973). In a prospective study, Dalai 
(1979) noted that softening of the brain often occurred in areas 
where the degree of luminal stenosis was not pronounced and, 
conversely, significant reduction in the vascular lumen was found 
in patients with no neurological deficit. Others have had simi¬ 
lar experiences (Deshpande et al., 1969; Rojas-Echeverri et al., 
1996; Shankar, 1989). This implies that throttling and occlusion 
is but one of the pathogenic mechanisms producing infarcts, pref¬ 
erentially in the basal ganglia region, and that a true arteritis with 
no relation to the basal exudates also occurs. It would be logi¬ 
cal to presume that other pathogenetic factors - such as changes 
in microvascular reactivity to neurochemicals, cytokines, and the 
state of cell-mediated immunity (CMI) of the patient at that par¬ 
ticular time - play an important role in the genesis of these lesions. 

In a review of pathological data, Shankar found intracytoplas- 
mic vacuolations of the muscular coat of the vessels. He felt that 
these changes were nonspecific as they were noted in blood ves¬ 
sels even in subarachnoid hemorrhage but pointed to a common 
pathogenic mechanism-vasospasm- and that the latter explained 
the “reversible” stenotic segment described by Dalai (1979). The 
vasospasm in turn could be chemically mediated by vasoactive 
eicosanoids or cytokines. Dastur and Dave (1977) postulated that 
the basement membrane proliferation seen around small arteri¬ 
oles played a role in initiating an immunologic reaction. Shankar, 
in contrast, showed that various components of the tuberculopro- 
tein are antigenic and selectively bind to various components of 
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the vessel wall, thus initiating and maintaining an immunological 
injury (Shankar, 1989). However, neither of them showed the pres¬ 
ence of Mycobacterium tuberculosis in the vicinity of these blood 
vessels. 

In HIV-infected individuals with TBM, the immune response to 
the tuberculous bacilli is altered; therefore, pathological features 
are very different from those seen in patients with relatively nor¬ 
mal CMI. The brains of such individuals showed minimal inflam¬ 
matory response with parenchymal infarcts and vasculitis, not 
only in the basal ganglia but in the cortical parenchyma as well 
(Katrak et al., 2000). The exact reason for this extensive vascu- 
lopathy was not clear. It is known that polyclonal B-cell activa¬ 
tion occurs in HIV-infected patients with resultant hypergamma¬ 
globulinemia and circulating immune complexes (Cotran et al., 

1999) . However, it remains speculative that such B-cell activa¬ 
tion occurred due to mycobacteria in these patients (Katrak etal., 

2000 ) . 

The controversy over the pathogenesis of vasculitis, therefore, 
is far from resolved. Whether morphological changes, chemically 
mediated vasospasm, or an immunologic attack of the vessel wall 
by various components of the tuberculoprotein, with or without 
impaired CMI, plays a major role, is undetermined as adequate 
systematic immunopathological studies of this entity are lacking. 
The truth may lie in a combination of these factors. 

The clinical features are usually preceded by a prodromal phase 
of fatigue, malaise, low-grade fever, and loss of appetite. The fur¬ 
ther temporal evolution depends on the rapidity with which the 
disease and complications associated with the involvement of 
basal structures (namely, cranial nerve palsies, paraplegia, strokes, 
hydrocephalus, and loss of consciousness) progress. Traditionally, 
the severity of the disease is grouped into three stages: mild (stage 
1), moderate (stage 2), and severe (stage 3), with a good correlation 
with the final outcome (Singhal etal., 1975; Streptomycin in Tuber¬ 
culosis Trial Committee, 1948). Strokes usually occur in patients 
in stages 2 or 3. Hence, this dreaded complication is associated 
with a high mortality and morbidity (Katrak et al., 2000; Misra 
etal., 2000). 

Focal neurological deficits occur in 10-47% of patients with TBM 
in different series (Chan etal., 2005; Deshpande etal., 1969; Osun- 
tokunefa/., 1971; Paul, 1967; Thomas etal., 1977). In one series, 8% 
of strokes in the young were due to tuberculous vasculitis (Dalai 
and Dalai, 1989). The highest incidence (47%) has been reported 
from Taiwan (Lan et al, 2001). Focal neurological deficits usu¬ 
ally occur acutely and involve the basal ganglia and subcortical 
structures. Thus aphasia, apraxia, and agnosia are uncommon. 
However, when these occur insidiously, they should arouse suspi¬ 
cion of an evolving tuberculoma in the appropriate area. Infarcts 
in the vertebrobasilar territory are uncommon, and intracerebral 
or intraventricular hemorrhages are rare (Dalai and Dalai, 1989). 
Convulsions may present at any stage of TBM. They are more com¬ 
mon in children. They occurred in 37.5% of patients with vascular 
involvement as compared to only 20% of those without strokes in 
a case study (Thomas et al., 1997). Convulsions may also occur 
due to associated tuberculomas, hydrocephalus, or tuberculous 
meningoencephalitis. Clinically, strokes in individuals co-infected 



Figure 7.1 Postcontrast axial CT scan showing dense basal exudates around the 
quadrigeminal cistern, hydrocephalus, right parahippocampal tuberculous 
abscess, and left basal ganglia infarct (arrow). 


with HIV are no different than those in persons without HIV infec¬ 
tion, as reported by several case series (Berenguer etal., 1992; Dube 
et al., 1992; Katrak etal., 2000; Porkert et al., 1997; Yechoor et al., 
1990). 

The diagnosis of TBM is usually established by the demonstra¬ 
tion of acid-fast bacilli, by direct smear or culture in the cere¬ 
brospinal fluid, brain parenchyma, tuberculomas, or meninges 
in biopsy or autopsy material. Newer techniques, particularly 
polymerase chain reaction, have increased the diagnostic yield 
(Takahashi etal., 2005). Neuroimaging techniques and procedures 
are not diagnostic for TBM but have become the standard for its 
complications. 

CT or MRI of the head may reveal intense basal enhancement 
after intravenous contrast administration, communicating or 
noncommunicating hydrocephalus, cerebral infarcts, parenchy¬ 
matous tuberculomas, or a combination of two or more of these 
features (Figure 7.1). Basal enhancement and tuberculomas are 
direct signs of TBM, whereas ischemic infarcts and hydrocephalus 
are signs of its complications. Although the CT scan lacks the sen¬ 
sitivity of the MRI, especially for infarcts, it is readily available in 
most centers, particularly in developing countries. It is cost effec¬ 
tive and obviates the need for sedation in an acutely ill patient as 
the duration of the study is short. 
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Figure 7.2 Left carotid angiogram of the same patient showing "strangulation" 
of the Ml segment of the middle cerebral artery (between arrows). 


Neuroimaging findings usually are in tandem with the patho¬ 
logical data, especially in immunocompetent individuals. In the 
western literature, neuroimaging findings were no different in 
HIV-infected individuals when compared to noninfected cases 
(Berenguer etal., 1992; Villora etal., 1995; Yechoor etal., 1990). In 
contrast to the above findings, we found distinct differences. The 
basal exudates were sparse and infrequent, tending to occur only 
after initiation of antituberculous therapy. Ventricular dilatation 
occurred secondary to atrophy. Granulomatous lesions included 
tuberculomas as well as toxoplasma granulomas. An interesting 
observation was that of the occurrence of cortical infarcts in these 
patients with angiographic evidence of arteritis (Katrak et al., 
2000). Similar findings have been described from other centers in 
India and abroad (Karve et al., 2001; Sze and Zimmerman, 1988). 
Infarcts are more common in children than in adults (Kingsley 
etal, 1987; Mishra and Goyal, 1999), and the incidence is signifi¬ 
cantly higher on MRI as compared to CT scans (Chan et al., 2005; 
Mishra and Goyal, 1999). 

The role of cerebral angiography is limited in TBM. It is usually 
necessary in patients with focal neurological deficits and in those 
with altered mentation. Lehrer described an angiographic triad 
of a sweeping pericallosal artery, narrowing of the supraclinoid 
portion of the internal carotid artery, and narrowed or occluded 
small or medium-sized intracranial arteries with scanty collater¬ 
als (Lehrer, 1966). This was later subsequently confirmed in many 
studies (Dalai, 1979; Mishra and Goyal, 1999; Rojas-Echeverri efaZ., 
1996; Wadia and Singhal, 1967). The clinico-angiographic analy¬ 
sis correlation is not good. Normal angiograms have been found 
in patients with clinical or MRI evidence of infarcts in 42-57% of 
cases (Dalai, 1979; Rojas-Echeverri etal., 1996; Wadia and Singhal, 
1967). Conversely, a significant reduction in the vascular lumen 
has been found in patients with no neurological deficit (Dalai, 
1979; Deshpande etal, 1969; Rojas-Echeverri etal., 1996) or neu- 
ropathological changes (Dalai, 1979). Even the mechanism for the 



Figure 7.3 Right carotid angiogram showing marked narrowing of the 
supraclinoid internal carotid artery with segmental narrowing of Ml segments 
of the middle cerebral artery (between thick arrows). Note: only the lateral 
lenticulostriate perforators are seen (thin arrow). 

angiographic changes is debated, as mentioned earlier in the dis¬ 
cussion of pathogenesis. It could be due to morphological changes 
in the vessel due to thick basal exudates (Figure 7.2) (DasturefaZ., 
1970; Vashishta and Banerjee, 1999; Wadia and Singhal, 1967) or 
due to arteritis (Figure 7.3) (Dalai, 1979; Rojas-Echeverri et al., 
1996). In our cases of TBM with HIV infection and cortical infarcts, 
we had angiographic and pathological evidence of widespread 
arteritis (Figure 7.4) (unpublished data). However, there is agree¬ 
ment that the majority of infarcts are in the area supplied by the 
lenticulostriate and thalamoperforating branches of the MCA, the 
so-called “TB zone" described by Hsieh et al. (1992). In conclu¬ 
sion, angiography is not routinely indicated in TBM and should be 
performed only in cases with focal neurological deficit and altered 
sensorium. 

Despite the availability of antimicrobial agents in various com¬ 
binations, the morbidity and mortality of TBM remains high, 
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Figure 7.4 Right carotid angiogram, oblique view of a patient with tuberculous 
meningitis and HIV infection. Total block of the right middle cerebral artery and 
areas of segmental narrowing - arteritis - along the right anterior cerebral 
artery (arrows). 


especially in patients who seek treatment late. Besides chemother¬ 
apy, patients of TBM with vasculitis and infarcts should be given 
corticosteroids in a dose of 1 mg/kg/day, tapering this over 4-6 
weeks (Thwaites etal., 2004). 
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STROKE DUE TO FUNGAL INFECTIONS 

Daniel B. Hier and Louis R. Caplan 


Stroke due to fungal infection is rare. Walsheefa/. (1985b) reviewed 
the 1953-1978 autopsy records of the Johns Hopkins Hospi¬ 
tal. There were 60 autopsied cases with central nervous system 
(CNS) involvement by fungus. The most common pathogens were 
aspergillus (16), Candida (27), and cryptococcus (14). In addi¬ 
tion, there were two cases of mucor and one case of histoplas¬ 
mosis. Meningeal signs were common with cryptococcus (86%) 
but uncommon with either aspergillus or Candida (less than 10%). 
Focal neurological signs, focal seizures, hemiplegia, and cranial 
nerve deficits occurred in 50% of the patients with aspergillus, 
21% of those with cryptococcus, and 4% of those with Candida. 
Pathological examination showed meningeal inflammation in the 
cases of cryptococcus. Angioinvasion occurred in all cases of 
aspergillus, 7% of the cases of Candida, and none of the crypto- 
coccal cases. Of the three most common fungal pathogens, stroke 
and stroke-like syndromes are most likely to occur with aspergillus, 
unlikely to occur with Candida, and are unreported with 
cryptococcus. 

Not all patients with invasive fungal infection will have CNS 
involvement. Schwesinger et al. (2005) reviewed 2027 autopsies 
at Greifswald University Institute of Pathology between 1994 and 
2003. They found 137 cases of invasive candidiasis (6.7%) and 31 
cases of invasive aspergillosis (1.5%). In only five cases of can¬ 
didiasis and two cases of aspergillosis was there CNS involve¬ 
ment. Liu et al. (2003) examined 149 cases of nosocomial fungal 
infections over a 20-year period at Peking Union Medical College 
Hospital. The most common pathogens were Candida albicans, 
Candida tropicalis, Candida parapsilosis, Cryptococcus neofor- 
mans, and various aspergillus species. The most common risk 
factors for nosocomial infection included steroids, cytotoxic ther¬ 
apy, prolonged use of broad-spectrum antibiotics, immunosup¬ 
pression, and intravenous lines. Baddley et al. (2002) reviewed 
their experience with 1620 transplant patients over a 3-year period 
including 230 hematopoietic stem cell transplants and 1390 organ 
transplants. Fungal brain abscesses were diagnosed in 17 patients 
(1.05%). None of the 17 cases presented as strokes although 35% 
had hemiplegia. Sixty-five percent of the infections were due to 
aspergillus species. 

Coplin et al. (2001) identified 36 patients with stroke among 1245 
bone marrow transplant cases over a 3-year period. Infarction or 
hemorrhage was caused by fungus in 30.6% of the bone marrow 
transplant patients with a stroke during that period. Nine of the 
12 strokes from infection were caused by aspergillus, predomi¬ 
nantly the angioinvasive form of infection. Mortality in the series 


of Coplin etal. (2001) was 89%. Stroke due to infection can compli¬ 
cate cancer. In an autopsy study of 3426 patients at the Memorial 
Sloan-Kettering Cancer Center, 500 patients were found to have 
sustained a stroke. In 33 cases, the stroke was attributed to a sep¬ 
tic embolism. The most common pathogens were aspergillus and 
Candida, with aspergillus more likely to present with focal signs and 
seizures and Candida more likely to present with encephalopathy 
(Rogers, 2003). 


Aspergillus 

Among fungal pathogens, aspergillus is most likely to present as 
a stroke or stroke-like syndrome (Walshe etal., 1985a). The most 
common pathogen is Aspergillus fumigatus, but infections may 
also occur withAflavus,A. niger,A. terreus, and otherspecies (Lass- 
Florl et al. } 2005). Invasive fungal infection with aspergillus is a 
major problem in immunocompromised patients including those 
with malignancy and those undergoing organ transplantation. 
Aspergillus spores are ubiquitous. They are often found in hospital 
ventilation systems and throughout the community environment. 
The mode of infectionis usually by inhalation with the upper respi¬ 
ratory tract the most common initial site of infection. Occasionally 
airborne spores may infect an open wound or surgical drain (Fun¬ 
gal Infections, 2004). Pulmonary infections with aspergillus may 
lead to hematogenous spread of the organism to the brain. 

Kleinschmidt-DeMasters (2002) found invasive Aspergillus in 
71 patients (1.8%) in 3897 autopsies over a 20-year period. There 
was CNS involvement in 42 of 71. Pathological changes ranged 
from subtle abscesses to massive areas of hemorrhagic infarction. 
Other pathological changes in other cases included cerebral hem¬ 
orrhage, bland cerebral infarction, and purulent meningitis. Beal 
et al. (1982) reported 12 patients with CNS aspergillosis in 
immunosuppressed patients or patients on high dose corticos¬ 
teroids. Pulmonary infiltrates were present in all patients. Sud¬ 
den onset of neurological deficits that were stroke-like in onset 
occurred in nine patients. Pathologically there were multiple 
abscesses with prominent arterial invasion by the fungus. Boes 
et al. (1994) reported on 26 patients with autopsy-proven CNS 
aspergillosis. Most presented with fever and a stroke-like syn¬ 
drome. Pathologically there were multiple areas of cerebral infarc¬ 
tion with thrombosis due to Aspergillus invasion of arteries. 
Underlying illnesses included bone marrow transplant, liver trans¬ 
plant, AIDS, and other immune compromised conditions. 
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Aspergillus may produce intracerebral or subarachnoid hem¬ 
orrhage. Hemorrhage may occur due to direct invasion of the 
artery by aspergillus or rupture of a mycotic aneurysm. Cleri et al. 
(2003) reported a fatal case of intracerebral hemorrhage in a 
patient with hemolytic anemia treated with corticosteroids com¬ 
plicated by pulmonary aspergillus and Candida. Asari etal. (1988) 
reported an unusual case of death due to a mycotic aneurysm at 
the site of surgery for an anterior communicating artery aneurysm 
treated by clipping. Corvisier et al. (1987) reported a 54-year-old 
woman with Hodgkin’s disease treated with cytotoxic drugs and 
steroids with invasion of the carotid artery by aspergillus leading 
to a fatal rupture of the right carotid artery. Takahashi et al. (1998) 
reported Aspergillus infection of the orbit and ethmoid sinus that 
extended posteriorly into the brain and involved the cavernous 
sinus and internal carotid artery. Pathological examination of the 
internal carotid artery showed chronic inflammatory cells and 
hyphae. Aspergillus fumigatus was cultured from the brain. Ter¬ 
minally there was rupture of the internal carotid artery with sub¬ 
arachnoid and intracerebral hemorrhage. Davutgolu et al. (2004) 
reported a 36-year-old man with aspergillus vegetations in the left 
ventricle. The patient died of a massive intracerebral hemorrhage 
due to a mycotic aneurysm. Embolic material from the heart likely 
lodged in the middle cerebral artery branches leading to mycotic 
aneurysm formation and fatal intracerebral hemorrhage. Endo 
et al. (2002) reported a 50-year-old woman who underwent suc¬ 
cessful surgery for an anterior communicating artery aneurysm. 
She sustained a second subarachnoid hemorrhage on the 26th 
postoperative day. The patient died on the 40th postoperative day 
with evidence of bilateral cerebellar hemisphere infarcts. Post¬ 
mortem examination of the brain showed fusiform dilation of the 
basilar artery with Aspergillus invasion of the basilar artery and 
vertebral arteries. Microscopically there were branching hyphae 
of aspergillus with vascular wall necrosis. Thrombotic occlusion 
of the basilar artery was caused by aspergillus hyphae. Breadmore 
etal. (1994) reported a case ofinvasive aspergillus of the cavernous 
sinus with rupture of the internal carotid artery. Haran and Chandy 
(1993) reported 13 patients with intracranial Aspergillus in Vel¬ 
lore, India. One of the 13 patients presented with a stroke-like 
syndrome. 

Aspergillus has been reported to produce a septic thrombosis of 
the cavernous sinuses (Ebright et al., 2001). Matsumura etal. (1988) 
reported two cases of intracerebral hemorrhage due to cerebral 
Aspergillosis. Lau etal. (1991) reported a case of fatal subarach¬ 
noid hemorrhage due to mycotic aneurysm of the carotid artery 
due to Aspergillus. Ihara et al. (1990) reported a fatal subarach¬ 
noid hemorrhage from a mycotic aneurysm of the basilar artery. 
Murthy et al. (2000) reported on 21 patients with CNS involve¬ 
ment with Aspergillus. In 16, aspergillus spread to the brain from 
sinus infections. Skull-based syndromes were found in 16; 6 pre¬ 
sented as a brain abscess and 2 had stroke-like onsets. Pagano etal. 
(1996) reported on 100 patients with leukemia and aspergillo¬ 
sis. Fourteen had CNS involvement. Autopsies showed invasive 
Aspergillus; clinical presentation was generally as a brain abscess 
with hemiparesis and seizures. The primary focus was generally 
in the lungs. Suzuki et al. (1995) reported a case of fatal sub¬ 
arachnoid hemorrhage due to a mycotic aneurysm of the middle 


cerebral artery. Piotrowski and Pilz (1994) reported aspergillus 
arteritis after aneurysm clipping that mimicked vasospasm. 

Clues to the presence of CNS aspergillosis include the gradual 
extension of infarction during a few days and spread of involve¬ 
ment across arterial territories. The spinal fluid usually does not 
show a major pleocytosis because cerebral involvement is due 
to a necrotizing arteritis and not meningitis. Other fungi (except 
Mucor) and the tubercle bacillus are organisms that almost invari¬ 
ably cause meningitis. 

Mucor 

Mucorales are filamentous fungi that are ubiquitous. Like 
Aspergillus, Mucor species are angioinvasive and can cause 
stroke through hemorrhagic infarction, bland infarction, and 
vascular thrombosis (Fungal Infections, 2004). They are found 
in soil, manure, plants, and decaying materials. They are air¬ 
borne pathogens that commonly infect immunocompromised 
patients through the lungs and nasal passages (Eucker etal. ,2001). 
Mucormycosis is the third leading invasive fungal infection after 
aspergillus and Candida. Mortality with disseminated forms of the 
disease is in excess of 95% (Eucker etal., 2001). Fungi of the order 
Mucorales include rhizopus, absidia, and rhizomucor. Less com¬ 
mon pathogens include cunninghamella, mortierella, saksenaea, 
and apophysomyces (Eucker etal., 2001). Prognosis in mucormy¬ 
cosis with cerebral involvement is almost uniformly poor with 
most series showing 100% fatality rates when the brain is involved. 

Rangel-Guerra et al. (1996) reviewed their experience with 
36 cases of mucormycosis over a 15-year period. Rhinocerebral 
mucormycosis was diagnosed in 22 patients. The underlying dis¬ 
order was diabetes in 20 cases, renal failure in 1, and myelodys- 
plastic syndrome in 1. Among the 22 patients with rhinocerebral 
mucormycosis, 4 presented with a cavernous sinus syndrome, 
4 with an orbital apex syndrome, and 5 with thrombosis of the 
internal carotid artery (with hemiparesis). Hall and Nussbaum 
(1995) reviewed their experience with 11 cases of mucormycosis 
at the University of Minnesota over a 13-year period. In four cases 
the mucor spread to the brain hematogenously from a pulmonary 
focus, and in three a nasal infection spread to the brain. Risk fac¬ 
tors in their patients included immunosuppression (7), leukemia 
(4), diabetes mellitus (3), organ transplant (1), and hematological 
disorders (2). All seven with brain involvement died. They reported 
no stroke-like symptoms in their series. 

The most common presentation is so-called rhinocerebral 
mucormycosis in which the fungus enters the brain from the nasal 
passages through the sinuses and orbit into the brain. Rhino- 
orbital Mucormycosis has been reported to extend into the cav¬ 
ernous sinus and produce carotid artery thrombosis (Dooley etal., 
1992). De Medeiros et al. (2001) reported another case of mucor¬ 
mycosis with invasion of the cavernous sinus and thrombosis after 
bone marrow transplantation. Mucormycosis has been reported 
to produce a septic thrombosis of the cavernous sinuses (Ebright 
etal., 2001). 

Sundaram et al. (2005) reported experience with 56 patients 
with mucormycosis (zygomycosis) seen between 1971 and 2001. 
Forty-six patients had the rhinocerebral form with infection in 
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the nasal sinuses leading to brain involvement. Twelve patients 
had isolated mucormycosis of the brain without evidence of nasal 
sinus involvement. Patients with the isolated form of mucormyco¬ 
sis had a variety of comorbidities including diabetes mellitus, renal 
transplantation, renal failure, and steroid use. Six of the patients 
presented with a stroke-like syndrome: two with meningitis, and 
four with a brain abscess. Pathologically, patients with a stroke-like 
syndrome had areas of hemorrhagic infarction with evidence of 
arteritis with branching aseptate hyphae invading the vessel wall. 
Gollard et al. (1994) reported a case of isolated cerebral mucormy¬ 
cosis without evidence of pulmonary or nasal involvement in a 
young intravenous drug abuser without HIV. MRI of the brain 
showed a mass in the left basal ganglia. Biopsy showed epithelioid 
granulomas and nonseptate hyphae typical of mucor. He recov¬ 
ered with intravenous amphotericin treatment. 

Mucor may also enter the brain hematogenously after pul¬ 
monary infection. Afewpatients with cerebral mucormycosis have 
been reported without nasal or pulmonary infection after intra¬ 
venous drug abuse. Verma et al. (2005) reported a case of pri¬ 
mary cerebral mucormycosis without evidence of pulmonary or 
nasal infection and without a history of intravenous drug abuse. 
Autopsy showed infarction and hemorrhage in the brain with 
extensive vascular necrosis related to branching hyphae consis¬ 
tent with mucormycosis. Mathur et al. (1999) reported a single 
case of massive cerebral infarction in a patient with acute myeloge¬ 
nous leukemia that occurred on day 2 of induction chemotherapy. 
Mucormycosis was found in both the lung and the brain. The fun¬ 
gus presumably spread from the lung to the brain by a hematoge¬ 
nous route. The brain at autopsy showed a hemorrhagic infarction 
in the right frontal and temporal lobes with cerebral edema and 
uncal herniation and brainstem compression with Duret hemor¬ 
rhages. Fungi consistent with mucormycosis were found in the 
brain infarct. No source of the infection was identified. 

Kameh and Gonzalez (1997) report a fatal case of mucormycosis 
with fungal cerebritis due to Rhizopus species and multiple cere¬ 
bral infarctions and cerebral edema. Zhang et al. (2002) reported 
a rare case of Cunninghamella bertholletiae infection in a renal 
transplant patient. Cunninghamella bertholletiae is a saprophytic 
soil fungus that rarely infects humans. It is of the class Zygomycetes 
and order Mucorales. The patient died with a lung abscess contain¬ 
ing C. bertholletiae. Autopsy showed fungal endocarditis as well as 
diffuse hemorrhagic vasculitis affecting the brainstem, cerebrum, 
and cerebellum. 

Candida 

Candida is not an angioinvasive pathogen, and reports of stroke 
after Candida infection are distincdy uncommon. In our autopsy 
series of 27 cases, there were no strokes and no stroke-like 
syndromes (Walshe et al., 1985b). Candida generally produces 
oral thrush or Candida esophagitis. Enterocolitis with Candida is 
less common. Candida frequently colonizes the gastrointestinal 
tract, especially in hospitalized patients receiving broad-spectrum 
antibiotics. Candida may also colonize the urinary tract ofpatients 
with indwelling Foley catheters and the female genital tract. Can¬ 
dida is the fifth most common organism isolated from blood 


cultures (Girishkumar et al., 1999). In immunocompromised 
patients, Candida may spread hematogenously from the gastroin¬ 
testinal tract; in immunocompetent patients, Candida may reach 
the blood through indwelling venous catheters. Mucosal injury 
and surgical manipulation of the gastrointestinal tract may pre¬ 
dispose to dissemination and fungemia (Fungal Infections, 2004). 
In 43 patients at Bronx-Lebanon Hospital with positive blood cul¬ 
tures for Candida, Girishkumar et al. (1999) reported none with a 
stroke. CNS involvement with candidiasis was about 10% of cases 
and was more common when endocarditis was present. Dissemi¬ 
nated candidiasis requires disruption of normal epithelial barrier 
in intestines, antibiotic use that permits colonization of gas¬ 
trointestinal tract with yeast, and decreased host defenses that 
allow disseminated spread of the yeast. The yeast usually spreads 
hematogenously to the brain. Unlike aspergillus, Candida is not 
angioinvasive. Stroke is uncommon even with CNS involvement. 
The usual manifestation in the CNS is meningitis, but rarely the 
Candida may produce a cerebritis and stroke-like syndrome. 

Cimbaluk et al. (2005) describe a 43-year-old immunosup- 
pressed man with systemic lupus erythematosus and lupus 
nephritis who had an infiltrating Candida enterocolitis. He devel¬ 
oped leg weakness after hemicolectomy. Blood cultures were pos¬ 
itive for Candida albicans. CT showed hemorrhagic infarction in 
the brain due to hematogenous spread of C. albicans. Cerebritis, 
cerebral infarction, and cerebral hemorrhage were confirmed at 
autopsy. Cimbaluk etal. (2005) describe a second patient with Can¬ 
dida enterocolitis in an immunosuppressed 50-year-old woman 
with lymphocytic leukemia. After colectomy she developed a 
hemorrhagic stroke in the frontal and parietal regions bilaterally 
complicated by subarachnoid hemorrhage. Kieburtz et al. (1993) 
reported a single case of cerebral infarction in an HIV patient 
with an opportunistic infection with C. albicans. The infarction 
was attributed to vasculopathy due to Candida. Terol etal. (1994) 
reported 10 cases with sepsis due to Candida tropicalis. All were 
granulocytopenic, had intravenous catheters, had positive blood 
cultures for C. tropicalis, and were on broad-spectrum antibiotics. 
Two died from intracerebral hemorrhage. 

A separate entity is chronic mucocutaneous candidiasis. This 
is an immunodeficiency disorder that has been poorly character¬ 
ized and is associated with persistent or recurrent infections of the 
mucous membranes with C. albicans. Grouhi etal. (1998) reported 
two patients with chronic mucocutaneous candidiasis associated 
with cerebral vasculitis, multiple intracranial arterial occlusions, 
and cerebral hemorrhage. 

Cryptococcus 

Like Candida species, cryptococcus is not angioinvasive. Crypto¬ 
coccus neoformans is an encapsulated yeast. It is a ubiquitous fun¬ 
gus with a worldwide distribution (Vilchez etal ., 2002). None of the 
14 cases in our autopsy series presented as a stroke (Walshe etal., 
1985). Infection is usually by inhalation in an immunocompro¬ 
mised host (HIV or transplant). Cryptococcus may spread from 
the lungs to the nervous system hematogenously. Twenty to sixty 
percent of cases of cryptococcosis in HIV-negative patients occur 
in transplant patients. Cryptococcosis of the nervous system 
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usuallypresents as meningitis with headache, decreased alertness, 
andfever (dePauwandMeunier, 1999;Walshe etal., 1985).Nuchal 
rigidity, visual loss, and seizures are frequent (Vilchez etal., 2002). 
Stroke has not been reported as a complication of cryptococcal 
infections (Doi etal., 1998; Vilchez etal., 2002). 

As in tuberculous meningitis, the origins and first few millime¬ 
ters of the penetrating arteries at the base of the brain may show 
thickening of the medial coats, usually referred to as Huebner’s 
arteritis. Infarction may occur in the territories of those arteries 
that penetrate from the anterior and posterior perforated sub¬ 
stance of the brain, regions that are bathed in fungal infected cere¬ 
brospinal fluid at the base of the brain. 


Other fungi 

Coccidioidomycosis is endemic in the San Joaquin Valley in the 
USA. The clinical findings are identical to cryptococcus infection. 
A variety of less common fungi that can rarely infect immuno¬ 
compromised patients include fusarium (a septate mold), Tri- 
chosporon (a pathogenic yeast), paecilomyces, pseudallescheria, 
Scopulariopsis, and the endemic fungi (coccidioides immitis, 
histoplasma capsulatum). Reports of CNS involvement or stroke¬ 
like syndromes are limited with these less common fungi (Fungal 
Infections, 2004). de Almeida et al. (2004) reviewed 24 patients 
with CNS involvement by the fungus Paracoccidioides brasilien- 
sis endemic in subtropical areas of Central and South America. 
The most common presentation was as seizures or meningitis. 
Kleinschmidt-DeMasters (2002) reported single cases of cerebri- 
tis with fungi Pseudallescheria boydii and Scedosporium inflatum 
that resembled the pathological changes found with aspergillus. 
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n STROKE AND VASCULITIS IN PATIENTS 
WITH CYSTICERCOSIS 

Oscar H. Del Brutto 


Cysticercosis is caused by infection with the larval stage of Taenia 
solium, the pork tapeworm. This cestode has a complex life cycle 
involving both pigs and humans. In the usual cycle of transmis¬ 
sion, humans are dehnitive hosts and carry the adult parasite in 
the small intestine. Eggs detached from the distal end of T. solium 
are passed with feces to contaminate - in places where open-air 
defecation is common - soil and vegetation. Free-roaming pigs 
eat human feces and get infected with hundreds of eggs. After 
ingestion, eggs hatch into oncospheres in the intestine of pigs (the 
natural intermediate hosts). Then, oncospheres cross the intesti¬ 
nal wall, enter the bloodstream, and are carried into the tissues of 
the pig where larvae (cysticercus) develop. When humans ingest 
improperly cooked pork infected with cysticerci, larvae evaginate 
in the small intestine, get attached to the intestinal wall, and begin 
forming proglottides, thus completing the life cycle of T. solium. 
Humans also become intermediate hosts of this parasite by ingest¬ 
ing its eggs from the soil or from contaminated food handled by 
a taenia carrier, or directly by the fecal-oral route in individuals 
harboring the adult parasite. In these cases, human cysticercosis 
develops (Garcia etal., 2003). 

Cysticerci usually invade the central nervous system (CNS) and 
its coverings, causing neurocysticercosis (NCC), a severe disease 
that constitutes a threat to millions of people living in developing 
countries in Latin America, Africa, and Asia. In these areas, NCC 
accounts for up to 10% of all admissions to neurological hospitals 
and is a leading cause of acquired epilepsy and other neurolog¬ 
ical conditions (Del Brutto et al., 1998; Murrell, 2005). Increased 
traveling and migratory movements of people from endemic to 
nonendemic areas has produced a recent increase in the preva¬ 
lence of NCC in North America and some European countries, 
where this condition was considered rare (Wallin and Kurtzke, 
2004). More than 50 000 new deaths due to NCC occur every year, 
and many more patients survive but are left with irreversible brain 
damage. This makes NCC an important public health problem 
because most affected people are at productive ages. 

Cerebrovascular disease is one of the most feared complica¬ 
tions of NCC and represents an important cause of death and 
disability in these patients. Cysticercotic angiitis was probably 
first recognized in the nineteenth century by the German pathol¬ 
ogist Askanazy, who described inflammatory changes in the arter¬ 
ies at the base of the brain in a patient with meningeal NCC 
(Henneberg, 1912). Thereafter, Monizefal. (1932) suggested that 
angiographic changes in NCC may resemble those seen in tubercu¬ 
losis, syphilis, or other infections that cause angiitis of intracranial 


vessels. During the first half of the twentieth century, many neu¬ 
ropathologists described in detail the changes that may occur in 
the intracranial arteries in association with cysticerci infection 
of basal leptomeninges (Asenjo, 1950; Dolpogol and Neustaedter, 
1935; Trelles and Ravens, 1953). Despite this, angiitis remained an 
under-recognized complication of NCC for many years, until the 
introduction of modern neuroimaging techniques that allowed a 
better recognition of cysticercosis angiitis and NCC-related stroke 
(Del Brutto, 1992). 

Neuropathology 

A brief description of the many changes that cysticerci induce 
in the CNS is necessary to understand the pathogenesis of NCC- 
related stroke. Cysticerci are vesicles consisting of two main parts, 
the vesicular wall and the invaginated scolex. Their appearance 
varies according to their location within the CNS. Parenchymal 
brain cysticerci measure less than 10 mm and tend to lodge in the 
cerebral cortex or the basal ganglia due to the high vascular sup¬ 
ply of these areas. Subarachnoid cysticerci may be located within 
cortical sulci or in the cisterns at the base of the brain. The latter 
may attain a size of 50 mm or more as their growth is not limited by 
the pressure effects from the brain parenchyma. In some of these 
parasites, the scolex can not be identified as they are composed of 
only several membranes attached to each other (racemose form 
of cysticerci). Ventricular cysticerci have a variable size and may or 
may not have a scolex; these cysts may be attached to the choroid 
plexus or may be freely floating within the ventricular cavities. 
Other locations of cysticerci within the CNS include the subdural 
space, the sellar region, and the spinal cord (Pittella, 1997). 

After entering the CNS, cysticerci elicit little inflammatory 
changes in the surrounding tissues. In this stage, called the vesicu¬ 
lar stage, viable parasites have a thin membrane, a clear vesicular 
fluid, and a normal scolex. Cysticerci may remain for decades in 
this stage or, as the result of a complex immunological attack from 
the host, enter in a process of degeneration. The first stage of invo¬ 
lution of cysticerci is the colloidal stage, in which the transparent 
vesicular fluid is replaced by a viscous and turbid fluid, and the 
scolex shows signs of hyaline degeneration. Colloidal cysticerci 
are surrounded by a thick collagen capsule, and the surrounding 
brain parenchyma shows astrocytic gliosis associated with 
microglial proliferation, diffuse edema, neuronal degenerative 
changes, and perivascular cuffing of lymphocytes. Thereafter, 
the wall of the cyst thickens, and the scolex is transformed into 
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Figure 9.1 Section of occluded small leptomeningeal vessel (open arrow) 
affected by endarteritis. Collagen capsule surrounds the vessel ( arrowheads) 
and parasite membranes (solid arrows). (Reproduced from: Rodriguez-Carbajal 
et at., 1989, with permission.) 


Figure 9.2 Atheroma-like deposit occluding major branch of middle cerebral 
artery in patient with cysticercotic angiitis. (Reproduced from: 
Rodriguez-Carbajal et at., 1989, with permission.) 



mineralized granules; this stage, in which the cysticercus is no 
longer viable, is called the granular nodular stage. Finally, in the 
calcified stage parasite remnants appear as mineralized (calci¬ 
fied) nodules (Escobar and Weidenheim, 2002). When parasites 
enter into the granular and calcified stages, the edema subsides, 
but astrocytic changes in the vicinity of the lesions become more 
intense than in the preceding stages. The duration of each of these 
stages varies considerably among individuals. 

Meningeal cysticerci elicit a severe inflammatory reaction in 
the subarachnoid space with formation of an exudate com¬ 
posed of collagen fibers, lymphocytes, multinucleated giant 
cells, eosinophils, and hyalinized parasitic membranes leading to 
abnormal thickening of the leptomeninges (Pittella, 1997). Cranial 
nerves located at the base of the brain are often encased in 
this leptomeningeal thickening. The foramina of Luschka and 
Magendie may be occluded, with the subsequent development 
of obstructive hydrocephalus. Small and medium-sized arteries 
arising from the circle of Willis are frequently affected by this 
inflammatory reaction, providing a substrate for the occurrence of 
NCC-related stroke. The walls of penetrating arteries are invaded 
by inflammatory cells, leading to endarteritis with thickening of 
the adventitia, fibrosis of the media, and endothelial hyperplasia 
(Figure 9.1). This hyperplasia reduces or occludes the lumen of 
the vessel. Besides endarteritis, the lumen of major intracranial 
arteries may be occluded by atheroma-like deposits resulting 
from disruption of the endothelium (Figure 9.2). Finally, adher¬ 
ence of cysticerci to subarachnoid blood vessels may weaken 
the vessel wall with the subsequent development of a mycotic 
aneurysm. 

Stroke syndromes 

NCC may cause ischemic or hemorrhagic strokes. As expected, 
different stroke subtypes are related to different patho¬ 
genetic mechanisms and produce varied clinical manifestations 
(Table 9.1). Transient ischemic attacks have been described in 


some patients with NCC, and are most often caused by intermit¬ 
tent stenoses of major intracranial arteries secondary to meningeal 
cysticerci engulfing such vessels. Many of the patients eventu¬ 
ally develop a cerebral infarction when the inflammatory process 
occludes the affected artery (Aditya et al., 2004; Lee and Chang, 
1998; McCormick etal., 1983). 

Lacunar infarctions occur as the result of inflammatory occlu¬ 
sion of small penetrating branches of the middle cerebral artery 
(MCA). These infarctions are usually located in the posterior 
limb of the internal capsule or the subcortical white matter, 
and produce lacunar syndromes (ataxic hemiparesis, pure motor 
hemiparesis, sensorimotor stroke) indistinguishable from those 
caused by atherosclerosis (Barinagarrementeria and Del Brutto, 
1988a, 1989; Barinagarrementeria et al., 1988; Gauthier et al., 
1995). Large cerebral infarctions, related to the occlusion of the 
internal carotid artery, or the anterior or MCA, also occur in 
patients with NCC. Such infarctions cause profound neurological 
deficits, signs of cortical dysfunction, or cognitive decline when 
both anterior cerebral arteries are affected (Arteaga-Rodriguz 
etal., 2004; Jha and Kumar, 2000; Kohli etal., 1997; Monteiro etal., 
1994; Rocha et al., 2001; Rodriguez-Carbajal et al., 1989; terPen- 
ning et al., 1992). Subarachnoid cysticerci located at the base of 
the brain may cause inflammatory occlusion of small branches of 
the basilar artery with the subsequent development of brainstem 
infarctions. In these cases, clinical manifestations include somno¬ 
lence, pupillary abnormalities, impaired vertical gaze, paraparesis, 
and urinary incontinence (Del Brutto, 1992). 

Another cerebrovascular complication of NCC is hemorrhagic 
stroke. Most of these cases have been related to the formation 
and subsequent rupture of a mycotic aneurysm located in the 
vicinity of subarachnoid cysticerci engulfing an intracranial artery 
(Guevara-Donde et al., 1987; Huang et al., 2000; Kim et al., 2005; 
Soto-Hernandez et al., 1996). Parenchymal brain hemorrhages 
have occasionally been reported as secondary to the damage of 
a small artery in the vicinity of a parenchymal brain cyst (Alarcon 
etal., 1992; Tellez-Zenteno etal., 2003). 
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Table 9.1 Stroke syndromes due to NCC. 


Clinical manifestations Stroke subtype Pathogenetic mechanism 


Transient ischemic attacks 

Lacunar syndromes: ataxic hemiparesis, 
pure motor hemiparesis 

Sensorimotor deficit, aphasia, signs of 
cortical dysfunction, coma 

Cognitive decline 

Top of the basilar syndrome, Parinaud’s 
syndrome 

Headache, vomiting, neck stiffness, 
coma 

Headache, vomiting, focal neurological 
deficits 


Lacunar infarct in the internal capsule or 
the corona radiata 

Large cerebral infarction involving the 
entire territory of the anterior or middle 
cerebral artery 

Infarction in both frontal lobes 

Infarction involving the brainstem and 
thalamus 

Subarachnoid hemorrhage 
Parenchymal brain hemorrhage 


Narrowing of the intracranial internal 
carotid or basilar artery 

Inflammatory occlusion of small 
penetrating branches arising from the circle 
of Willis 

Occlusion of major cerebral arteries due to 
atheroma-like deposits 

Occlusion of both anterior cerebral arteries 

Inflammatory occlusion of penetrating 
branches of the basilar artery 

Rupture of a mycotic aneurysm 

Rupture of a small artery in the vicinity of a 
parenchymal brain cyst 


Relationship between NCC and stroke 

Stroke is common among patients with subarachnoid NCC, but it is 
seldom observed in other forms of the disease. Some patients with 
parenchymal NCC present with acute stroke-like episodes that are 
not related to a cerebral infarction or a hemorrhage, but to a strate¬ 
gically located cyst (Barinagarrementeria and Del Brutto, 1988b; 
Catapano and Marx, 1986; Wraige etal., 2003). The actual preva¬ 
lence of stroke among patients with NCC, as well as the impact 
of NCC as a cause of stroke in endemic areas, has been a subject 
of debate (Alarcon et al. } 1992; Barinagarrementeria and Cantu, 
1992). In a preliminary series of 403 patients with ischemic stroke 
from Mexico, NCC accounted for 2.5% of cases, and was the second 
most prevalent cause of nonatherosclerotic cerebral infarction 
(Barinagarrementeria, 1989). 

Two recent studies have improved our knowledge of the relation¬ 
ship between NCC and stroke (Barinagarrementeria and Cantu, 
1998; Cantu and Barinagarrementeria, 1996). One of them eval¬ 
uated 65 patients with NCC-related stroke who were classified 
in two groups according to whether NCC was focal or diffuse, 
and settled the wide clinical and neuroimaging spectrum of this 
association (Cantu and Barinagarrementeria, 1996). Thirty-five of 
these patients had focal cysticercotic lesions in the subarachnoid 
space, and 30 patients had diffuse arachnoiditis. Among the 35 
patients with focal cysticercosis, only 13 had small-vessel dis¬ 
ease and the remaining 22 had evidence of large-vessel disease. 
In contrast, most patients with diffuse arachnoiditis had evidence 
of both small- and large-vessel involvement. Clinical manifesta¬ 
tions also differed among the two groups. Whereas a stroke syn¬ 
drome was the most common form of presentation of patients with 
focal disease, intracranial hypertension and subacute meningitis 
were the most common manifestations of patients with diffuse 
arachnoiditis. 


A second study settled the prevalence of angiitis in patients 
with subarachnoid cysticercosis (Barinagarrementeria and Cantu, 
1998). The authors found that 15 of 28 patients (53%) with sub¬ 
arachnoid cysticercosis had angiographic evidence of angiitis. Of 
the 15 patients with angiitis, 8 had a cerebral infarction, 3 had 
transient ischemic attacks, and 1 had an intracranial hemorrhage. 
In contrast, only 1 of the 13 patients without angiographic evi¬ 
dence of angiitis had a cerebral infarction. The middle and poste¬ 
rior cerebral arteries were the most frequently affected vessels. In 
most cases, only one or two vessels were affected. Results from this 
study confirmed that angiitis is most often a focal process associ¬ 
ated with the presence of a parasite in the vicinity of a blood vessel. 

Diagnosis 

In endemic areas, a patient may have NCC and a stroke from 
unrelated reasons. Therefore, the cause-and-effect relationship 
between NCC and stroke must be supported by CT or MRI evi¬ 
dence of meningeal cysts or arachnoiditis adjacent to the infarc¬ 
tion, or by cerebrospinal fluid (CSF) findings suggesting arach¬ 
noiditis (Del Brutto, 1992). In a preliminary report, five of seven 
patients with a lacunar syndrome related to cysticercotic angiitis 
had a suprasellar cysticercus located near the origin of penetrat¬ 
ing branches of the MCA (Barinagarrementeria and Del Brutto, 
1989). This finding has been confirmed in a number of case reports 
in which neuroimaging studies have shown, besides the infarc¬ 
tion, subarachnoid cysticerci located in the vicinity of affected 
vessels (Aditya et al, 2004; Jha and Kumar, 2000; Monteiro et al. } 
1994; Rocha etal., 2001; Rodriguez-Carbajalefa/., 1989; terPenning 
etal., 1992). 

Diagnosis of NCC-related stroke is possible in most cases after 
proper interpretation of data provided by neuroimaging studies 
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Figure 9.3 Cerebral infarction in patient with cysticercotic angiitis. T1- (a) and T2-weighted (b) MRI show huge subarachnoid racemose cysts in sylvian fissures 
engulfing both MCAs, fluid-attenuated inversion recovery (FLAIR) sequences (c) shows fresh infarction in entire territory of right MCA, and MRA (d) shows stenosis of 
major branches arising from circle of Willis. (Courtesy of Dr. Julio Lama, Guayaquil, Ecuador.) 


and results of immunologic tests (Garcia et al, 2005). CT and 
MRI show the infarction as well as the characteristic findings 
of subarachnoid NCC, including abnormal enhancement of lep- 
tomeninges, hydrocephalus, and cystic lesions located at the 
sylvian fissure or basal cisterns (Figure 9.3). Angiography or mag¬ 
netic resonance angiography (MRA) may show segmental nar¬ 
rowing or occlusion of intracranial arteries (Monteiro etal., 1994; 


Rodriguez-Carbajal etal., 1989; terPenning etal., 1992). CSF anal¬ 
ysis shows lymphocytic pleocytosis and increased protein con¬ 
tents. Immune diagnostic tests are a valuable complement to 
neuroimaging, but they should never be used alone to exclude 
or confirm the diagnosis (Del Brutto, 2005). 

A recent study evaluated the role of transcranial Doppler in 
the diagnosis and follow-up of patients with cysticercotic angiitis 
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(Cantu et al., 1998). The authors studied nine patients with 
cysticercosis-related stroke, and found a good correlation between 
arterial lesions seen with both angiography and transcranial 
Doppler. Abnormalities in transcranial Doppler were evidenced by 
a high systolic blood-flow velocity in patients with angiographic 
evidence of arterial narrowing and by absence of blood-flow veloc¬ 
ity in patients with arterial occlusion. Transcranial Doppler also 
allowed a noninvasive follow-up of stenotic lesions. Therefore, 
transcranial Doppler appears as a bedside, noninvasive test that 
allows the detection of arterial lesions in patients with subarach¬ 
noid cysticercosis, and may be useful for the follow-up of patients 
with cysticercotic angiitis. 

Treatment 

In general terms, therapy of NCC depends on the location of par¬ 
asites and the degree of disease activity (Garcia and Del Brutto, 
2005). Introduction of cysticidal drugs (albendazole and prazi¬ 
quantel) have greatly improved the prognosis of NCC by destroying 
intracranial cysts and improving the neurological manifestations 
in most patients with parenchymal NCC. The scenario is totally dif¬ 
ferent in patients with the subarachnoid form of the disease. Cys¬ 
ticidal drugs destroy most subarachnoid cysts (Del Brutto, 1997). 
However, owing to the proximity of these cysts to intracranial blood 
vessels, the inflammatory reaction that occurs during cyst destruc¬ 
tion may enhance the process of endarteritis and may precipitate 
the occurrence of a cerebral infarction (Bang et al., 1997; Levy 
etal., 1995; Woo etal., 1988). Dexamethasone must be given simul¬ 
taneously to reduce the risk of this complication (Del Brutto etal., 
1992). For patients with associated hydrocephalus, shunt place¬ 
ment must be contemplated before medical therapy. Actually, little 
is known about the proper management of cerebrovascular com¬ 
plications of NCC because there are no published trials on this 
subject. Current practice is to give corticosteroids to reduce the 
inflammatory reaction in the subarachnoid space (Garcia et al., 
2002). Long-term follow-up with repeated CSF examinations and 
transcranial Doppler may be of value to determine the length of 
corticosteroid therapy. The role of neuroprotective drugs is still 
unknown (Del Brutto, 1997). 
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STROKE IN PATIENTS WITH 


LYME DISEASE 


John J. Halperin 


Introduction 

Lyme disease, the multisystem infectious disease caused by the 
tick-borne spirochete Borrelia burgdorferi, readily invades the 
central nervous system (CNS) and, in up to 15% of patients, causes 
symptomatic meningitis or involvement of the cranial or spinal 
nerves. Parenchymal CNS disease is far less common; its patho¬ 
physiologic basis remains poorly understood. Proposed mech¬ 
anisms range from direct infection, to vasculitis, to demyelina- 
tion. Because it has not yet been reported in animal models, and 
because clinical data are extremely limited, it is necessary to try 
to deduce mechanisms by analogy to involvement in the periph¬ 
eral nervous system and elsewhere, and to other related diseases. 
In particular, many have compared nervous system Lyme disease 
(neuroborreliosis) to neurosyphilis - a comparison that immedi¬ 
ately raises the specter of meningovascular involvement. Several 
dozen case reports describing B. burgdorferi infection-associated 
strokes have been published; whether a specific causal relation¬ 
ship exists is unclear. 

To understand the complexities of proving this association, it is 
important to appreciate some of the difficulties inherent in prov¬ 
ing the diagnosis of Lyme disease in general, and nervous system 
infection in particular. 

Diagnosis of Lyme disease 

The biology of pathogenic spirochetes imposes several inherent 
limitations on diagnostic strategies. Unlike most bacterial infec¬ 
tions, culturing these organisms is challenging - to this day the 
only (marginally) practical way to culture Treponema pallidum 
remains a cumbersome animal inoculation technique. Although 
it is possible to grow B. burgdorferi in vitro, this requires specialized 
medium (BSKII) not normally available in commercial diagnostic 
laboratories, incubation at 33°C, then maintaining the culture for 
weeks. Moreover, much like in syphilis, although the primary cuta¬ 
neous lesion (the chancre in syphilis, erythema migrans in Lyme 
disease) contains huge numbers of readily demonstrable spiro¬ 
chetes, once the organism has disseminated, the bacterial load 
in obtainable specimens (such as cerebrospinal fluid [CSF]) is so 
low that even polymerase chain reaction (PCR)-based strategies 
for organism detection are of very low sensitivity. In Lyme menin¬ 
gitis, which clearly is caused by CNS invasion by spirochetes, sen¬ 
sitivity of culture is about 10%, and is improved minimally with 
PCR. 


Because of this, diagnosis in both diseases rests heavily on 
demonstration of the host’s immune response to the organism. 
All serodiagnostic approaches share several inherent limitations. 
Because it takes time for the immune system to produce detectable 
levels of antibody after exposure to new antigens, serologic tests 
are often negative very early in infection. In most diseases, this is 
addressed by obtaining acute and convalescent sera - a practice 
that, for unclear reasons, has not been adopted in Lyme disease. 
(This may relate to overanalogizing to syphilis, in which one-time 
detection of nonspecific reaginic antibodies - the fairly high titer 
anti-cardiolipin antibodies that are detected by all screening blood 
tests for syphilis - is considered diagnostic.) 

However, fully adopting a syphilis analogy would have led logi¬ 
cally to an immediate appreciation of the importance of address¬ 
ing other disorders that cause false positives in the screening 
test - something done routinely with positive syphilis screening 
tests, but inconsistently in Lyme disease. This raises the second 
limitation of Lyme serodiagnosis shared with other serologies - 
because many epitopes are not unique to specific organisms, there 
can be important cross-reactivities among assays. The most com¬ 
monly used serodiagnostic tool for screening for Lyme disease is 
an enzyme-linked immunosorbent assay (ELISA) - a technique 
that measures immunoreactivity to a combination of B. burgdor- 
feri’s antigens. Many of these antigens are shared by other borrelia 
- such as those that cause relapsing fever, as well as the trepone¬ 
mata responsible for syphilis ( T. pallidum ) and even periodontal 
disease [I denticola). Differentiating between Lyme and relapsing 
fever is usually straightforward based on symptoms and epidemi¬ 
ology - there is little geographic overlap between the two disorders. 
Differentiating from syphilis, particularly in a suspected meningo¬ 
vascular case, is best done by checking a reaginic test such as the 
Venereal Disease Research Laboratory (VDRL) or Rapid plasma 
reagin (RPR), because these are rarely if ever positive in Lyme 
disease. 

A related challenge in serodiagnosis is that many inflammatory 
disorders can induce a broad range of nonspecific seropositiv- 
ity. Patients with vasculitis, endocarditis, or other hyperimmune 
states can overproduce all immunoglobulins, giving rise to non¬ 
specific false positives - a particularly important issue in many 
of the reported patients with stroke. This is addressed technically 
by doing Western blots on samples that are positive or borderline 
in the ELISA (but not in negative ELISAs, as Western blot crite¬ 
ria are not defined in this population). Western blots identify the 
specific bacterial antigens to which patients have developed an 
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fable 10.1 Western blot criteria 


IgM (2/3 Required) 

IgG (5/10 Required) 


(acute disease) 

(established disease) 

Bands 

23, 39,41 

18, 23,28, 30, 39,41, 



45, 58, 66, 93 

Sensitivity 

32% 

83% 


antibody response. Criteria for positive blots do not rely on iden¬ 
tification of responses to unique antigens present only in patients 
with Lyme disease, but rather on identification of combinations of 
immunoreactivities that are statistically known to indicate a very 
high probability of exposure to this organism. The Western blot 
criteria were developed for very high specificity; as in any such 
approach, there is a concomitant loss of sensitivity (Table 10.1). 
However this approach is very useful in identifying false positives 
due to nonspecific B-cell proliferation, seen in many inflammatory 
states. Notably, Western blot criteria developed to improve speci¬ 
ficity in North American patients are not helpful in Europe, where 
greater strain variability makes it more difficult to identify specific 
bands that differentiate between true infection and cross-reactive 
immunoreactivity. 

The third problem inherent in all serologic techniques relates 
to the inherent memory function of the immune system - when 
exposed to an organism, the immune response tends to persist, 
to provide future immunity. Even though this response does not 
provide effective immunity in syphilis or Lyme disease, in both, 
the specific antibody response typically remains detectable for 
many years. Consequently, identifying a patient as having a posi¬ 
tive Lyme ELISA and Western blot merely proves exposure - with¬ 
out establishing that current signs and symptoms are caused by 
this infection. 

Because of these issues, the concepts of positive and negative 
predictive value become particularly important when attempting 
serodiagnosis in Lyme disease. Lyme occurs in very specific geo¬ 
graphically defined endemic areas - in suburban and rural regions 
of the Northeast, the upper Midwest, and northern California. In 
patients who have never left urban centers, or who spend all their 
time in places where Lyme is not endemic, obtaining a serology 
is counterproductive. Because, as in many such tests, positive cut¬ 
offs are statistically defined, and are calculated based on the mean 
plus 3 standard deviations in an uninfected population, about 1 
sample per 1000 will be a false positive. Because nationwide in the 
United States the incidence is about 1/10 000, in a populationnot at 
risk, false positives will outnumber true positives by at least 10 to 1. 

Identifying neurologic disorders as causally related to this infec¬ 
tion poses additional challenges. However, several basic princi¬ 
ples, analogous to lessons learned from neurosyphilis, can be 
helpful. First, because this constitutes a chronic bacterial infec¬ 
tion of the CNS, there should usually be a CSF pleocytosis and 
elevated protein. Effective treatment is typically accompanied by 
these values returning towards normal. In longstanding infec¬ 
tion, there often is enough B-cell proliferation within the CNS 
that immunoglobulin (Ig) measures (such as the IgG index) are 


increased; oligoclonal bands may be present (reported more often 
in Europe than in the United States). Specific antibody measures 
can also be helpful. As in many other chronic infections, the pro¬ 
longed presence of organisms in the CNS leads to production of 
specifically targeted antibodies within the CNS. Thus demonstrat¬ 
ing intrathecally produced antibodies (ITAb) can be diagnostic of 
CNS infection. This must be done correctly, measuring specific 
antibody in CSF and serum, and normalizing for blood-brain bar¬ 
rier disruption or nonspecific immune stimulation within the CNS, 
but when done (and after neurosyphilis is eliminated) this pro¬ 
vides a very specific indicator of CNS infection. Estimates of the 
technique’s sensitivity vary - in Europe, demonstration of ITAb is 
required for the diagnosis of CNS Lyme. In the United States, sen¬ 
sitivity estimates in different patient populations range from 90% 
to 50%. Most agree that, in patients with obvious immune stim¬ 
ulation in the CNS (increased overall IgG synthesis, oligoclonal 
bands, etc.) caused by B. burgdorferi infection, the demonstrated 
antibody excess should be targeted against B. burgdorferi - i.e. 
there should be specific ITAb production. 

This technique has two major limitations. When established, the 
relative excess production of antibody in the CNS can persist for 
many years, despite effective treatment. An elevated CSF/serum 
antibody index indicates that there has been active CNS infec¬ 
tion in the past, not necessarily currently. In contrast, combining 
this value with measures of CSF cell count and protein can pro¬ 
vide valuable insights into the etiology and activity of a particular 
disorder. 

The other limitation is technical. If the Lyme-specific antibody 
values are not appropriately corrected for the total concentration 
of Ig in the CSF relative to blood (and many labs do not do this), 
results can be meaningless. Particularly problematic are patients 
who have had a CNS bleed, have blood-brain barrier disruption for 
other reasons, or who have other causes of CNS inflammation (for 
example, multiple sclerosis). All of these circumstances will raise 
total CSF Ig concentrations, spuriously elevating CSF concentra¬ 
tion of antibodies that react in the Lyme assay. If not adjusted 
appropriately, all will result in false positives. 

Stroke in Lyme disease 

The first reports suggesting that neuroborreliosis, like neu¬ 
rosyphilis, might cause a meningovascular process, appeared 
almost two decades ago (Hanny and Hauselmann, 1987; Midgard 
and Hofstad, 1987; Uldry et al., 1987). Since then, reports of at 
least another 32 patients with purported meningovascular neu¬ 
roborreliosis (Table 10.2) have appeared. However the relation¬ 
ship between B. burgdorferi infection and vascular disease remains 
unclear, reflected in the fact that none of the three sets of published 
practice guidelines that address diagnosis of nervous system Lyme 
disease (Brouqui et al., 2004; Halperin et al., 1996; Wormser etal., 
2000) would permit diagnosis of a stroke or cerebral vasculitis as 
a manifestation of Lyme disease. Therefore, a critical analysis of 
these case reports is needed. 

The presumed mechanism has been a vasculitis, by analogy 
to meningovascular syphilis. Interestingly, although different vas- 
culitides generally preferentially affect specific classes of blood 
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Summary of published reports describing apparent cerebrovascular disorders in patients thought to have Lyme disease. 
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vessels (e.g. small arteries vs. large), these reports describe every¬ 
thing from lacunar-size strokes to internal carotid artery (ICA) 
and basilar artery disease. Similarly, although the pathologic diag¬ 
nosis of a vasculitis typically requires evidence of damage to the 
blood vessel walls (Schoen, 2005), the little histopathologic mate¬ 
rial available at best shows perivascular inflammatory infiltrates, 
a rather nonspecific finding. 

To assess the validity of the published literature, the following 
would seem a rigorous and appropriate approach for each case: 

1. Did the patient have a stroke? Was the clinical event stroke-like 
in onset and evolution, and did imaging studies show character¬ 
istic findings, including damage in a vascular distribution and, if 
available, appropriate changes on diffusion-weighted MRI and 
angiography? 

2. Was there compelling evidence for Lyme disease? Although pub¬ 
lished guidelines for the diagnosis of nervous system Lyme 
disease explicitly exclude strokes, were other criteria met (pos¬ 
sible exposure, positive serology)? If serology was negative, was 
there otherwise truly compelling evidence - a classic erythema 
migrans; positive culture in a reliable reference laboratory; PCR 
positivity using at least two distinct primers, performed in a 
reliable laboratory known not to have difficulties with false 
positives? (Brouqui etal., 2004; Wormser etal., 2000) 

3. Was there compelling evidence of CNS Lyme disease? If 
the assumption is that this is analogous to meningovascular 
syphilis, did the CSF show a meningeal inflammatory pro¬ 
cess, with a lymphocytic pleocytosis, increased protein, and 
increased immunoglobulin? If there was felt to be an inflam¬ 
matory process due to B. burgdorferi infection, was there 
evidence of intrathecal production of anti-B. burgdorferi anti¬ 
bodies, including demonstration that the inflammatory process 
was not due to neurosyphilis? 

Case reviews 

Three papers have looked systematically at series of patients 
from Lyme-endemic areas with this issue in mind. The first, 
from Switzerland (Hanny and Hauselmann, 1987), identified 45 
patients with suspected neuroborreliosis. Six were felt to have 
stroke-like presentations. Although all had a CSF pleocytosis, none 
had angiography, none were tested for intrathecal production of 
anti-B. burgdorferi antibody (ITAb), and none were screened for 
neurosyphilis. Autopsy in one case showed perivascular inflam¬ 
matory infiltrates but no vessel wall damage. The authors con¬ 
cluded that this infection did not cause cerebrovascular disease. 

A similar study from Spain (Corral et al, 1997) identified 105 
seropositive patients seen over 8 years. Forty-one had typical 
neuroborreliosis; nine others had strokes, but on careful review 
in none was this considered causally related to B. burgdorferi 
infection. The third study, from Sweden (Hammers-Berggren 
et al., 1993) tested sera from all patients presenting with stroke 
or transient ischemic attacks (TIAs) over the course of 1 year. Of 
495 patients screened, 24 had positive serologies for B. burgdor¬ 
feri exposure. One of these, a 66-year-old woman with a several- 
hour episode of dysphasia, had a CSF pleocytosis and ITAb, in the 
context of a several-month systemic illness. No other patient had 


anything to suggest that his or her symptoms were related to B. 
burgdorferi infection. 

Fourteen patients (Table 10.2) were described as having Lyme- 
associated cerebrovascular disease (Cox etal., 2005; Deloizy ef al., 
2000; Henriksen, 1997; Kohler etal., 1988; Laroche el al., 1999; May 
and Jabbari, 1990; Olsson and Zbornikova, 1990; Reik, 1993; Romi 
etal., 2004; Schmiedel etal., 2004; Wilke etal., 2000), and the rea¬ 
son for labeling it cerebrovascular disease is unclear. Only two had 
angiography; in both this demonstrated unifocal arterial stenosis - 
involving the MCA in one (Cox etal., 2005) and the ICA in another 
(Schmiedel etal., 2004; Zhang etal., 2000). In one other (Wilke etal., 
2000), a magnetic resonance angiography showed slight narrow¬ 
ing of the MCA. In all, clinical presentations and imaging studies 
could be more readily explained by a multifocal inflammatory 
than vascular process. In most, syphilis testing was not described. 

Seven reported patients (Chehrenama et al., 1997; Oksi et al., 
1996, 1998) have had little to suggest that they had neuroborre¬ 
liosis. One, with a spinal subarachnoid hemorrhage (Chehrenama 
et al., 1997) had a minimally positive peripheral blood serology 
without Western blot confirmation and a positive CSF serology and 
ITAb index but with grossly bloody CSF, a common source of false 
positives. This patient had prominent peripheral nerve demyelina- 
tion, a process rarely if ever seen in Lyme disease (Halperin, 2003) 
and had negative cerebral angiography. Syphilis serology was not 
described. In the other two papers, only 3 of 6 patients had posi¬ 
tive blood serologies, none with Western blot confirmation. None 
had a CSF pleocytosis. One was said to have ITAb, but the reported 
index (1.5) did not meet the usual cutoff recommended (2.0) for the 
kit used. Three were diagnosed based on positive PCR results (two 
in plasma), a procedure that the authors performed only with a 
single primer, to flagellin. Pathology was reported in two patients; 
in both there were perivascular inflammatory infiltrates without 
vessel wall damage. None of these seven patients would meet stan¬ 
dard diagnostic criteria for neuroborreliosis. 

In seven reported patients with vascular processes, the diag¬ 
nosis of B. burgdorferi infection was unclear. One (Brogan et al., 
1990), a 10-day postpartum woman, had angiographic findings of 
multifocal vasospasm or vasculitis, only one white cell in her CSF, 
a marginally positive serum Lyme ELISA without Western blot 
confirmation, and no ITAb. Whether she had a postpartum vascul- 
opathy or a vasculitis is unclear; however, the evidence for neu¬ 
roborreliosis was tenuous at best. A second (Scheid et al., 2003) 
patient who almost certainly had had B. burgdorferi infection 
developed a temporoparietal hemorrhage. One week prior to 
the hemorrhage, CSF (obtained because of severe headaches) 
had been completely normal. Cerebral angiography showed no 
bleeding source or vasculitis. On evaluation a year later, she was 
found to have positive blood and CSF Lyme serologies, with a 
positive ITAb index; there was no CSF pleocytosis. In this patient, 
the relationship between prior neuroborreliosis and a cerebral 
hemorrhage is unclear. 

In the other five patients, a link between Lyme and the cere¬ 
brovascular process is possible but not entirely compelling. The 
first report of a Lyme-associated cerebral hemorrhage (Seijo 
Martinez et al., 2001) described a 48-year-old man evaluated for 
4 months of progressive paraparesis, in retrospect presumably 
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Bannwarth’s syndrome. He presented a month after this initial 
assessment with a right temporal lobe hemorrhage with subarach¬ 
noid extension. Angiography demonstrated only some vasospasm 
in the right MCA; follow-up angiography 17 days later was nor¬ 
mal. Serum and CSF Lyme ELISAs were elevated with an ITAb 
index of 1.17 (borderline); there was a mild CSF pleocytosis, 
and syphilis testing was negative. He was treated with ceftri¬ 
axone, and the CSF improved. Like the previous patient, this 
man may have had prior neuroborreliosis and, for unrelated 
reasons, developed a cerebral hemorrhage. Because both had 
angiograms with no evidence of vasculitis or aneurysms, it is diffi¬ 
cult to postulate a mechanism inter-relating the infection and the 
hemorrhage. 

Three other case reports are of interest. A 58-year-old woman 
developed an occipital subarachnoid hemorrhage while being 
evaluated for apparent Lyme-associated thoracic radiculopathy 
(Bannwarth’s syndrome) (Jacobi et al., 2006). Cerebral angiogra¬ 
phy did not show a bleeding source or vasculitis. CSF showed a 
pleocytosis and ITAb (although technical details regarding correc¬ 
tion for subarachnoid blood were not provided). Peripheral blood 
Lyme serology and Western blot were positive. 

A 17-year-old woman (Heinrich etal., 2003) with acute left arm 
and face weakness, and prior events thought to be focal seizures 
or TIAs, had angiographically demonstrated right MCA stenosis 
and stenotic segments in the right anterior cerebral artery (ACA) 
and posterior cerebral artery (PCA), a CSF pleocytosis, and ITAb. 
Results of peripheral blood serology were not reported, although 
CSF results were said to be confirmed by immunoblot. She was 
treated with 14 days of ceftriaxone and 6 months of methylpred- 
nisolone, with improvement in her CSF, vascular studies, and clini¬ 
cal status. Similarly (Schmitt etal., 1999), a50-year-oldpatient with 
“cerebral vasculitis” on angiography and multiple infarcts had a 
CSF pleocytosis, positive Lyme serologies in CSF and serum, and 
evidence of ITAb. This patient did not respond to ceftriaxone and 
prednisolone but did to cyclophosphamide. In these two, the treat¬ 
ment response seems to suggest an immune-mediated rather than 
infectious process, but by conventional criteria it is possible that 
B. burgdorferi was responsible for their vasculitis. 

Finally, a 12-year-old developed multifocal brain disease with 
angiographic demonstration of multiple stenotic areas around the 
circle of Willis, the left ICA, and the left ACA and MCA. Peripheral 
blood serologies demonstrated strongly positive IgG but weakly 
positive IgM antibodies to B. burgdorferi. She had a mild CSF pleo¬ 
cytosis but did not have ITAb. She was treated with ceftriaxone and 
cefotaxime, and largely recovered. 

In the final group, consisting of just three patients, the relation¬ 
ship appears more plausible. The two earliest reports (Midgard 
andHofstad, 1987; Uldryefal., 1987) described patients with mul¬ 
tifocal brain disease, angiographically demonstrated vasculitis, 
CSF pleocytosis, and positive serologies in serum and CSF whose 
CSF improved after high dose penicillin treatment. In one patient 
(Midgard and Hofstad, 1987), the cerebral event was preceded by 
a month of thoracic pain (presumably Bannwarth’s syndrome). 
The other had a prolonged, waxing and waning course spanning 
3 years. Both cases predated current Western blot and ITAb criteria 
and, as such, the validity of the diagnoses can be questioned on 


technical grounds, although, at least the first patient probably did 
have B. burgdorferi infection. 

The next year, two patients with basilar artery occlusion and a 
CSF pleocytosis were reported (Veenendaal-Hilbers et al., 1988). 
In both, blood and CSF Lyme serologies were slightly positive 
(one patient also had a positive fluorescent treponemal anti¬ 
body (FTA) but negative treponemal pallidum hemagglutination 
(TPHA), a known cross-reactivity); in both, CSF improved signif¬ 
icantly following high dose penicillin. A decade later, Keil et al. 
(1997) reported a 20-year-old man with an apparent thalamo- 
capsular infarct, stenosis of the feeding arteries, a CSF pleocytosis, 
ITAb, and positive Western blots (though values of quantitative 
serologic tests were not provided). He was treated with 14 days of 
ceftriaxone; his CSF improved significantly. 

The clinical evidence supporting an association between 
B. burgdorferi infection and cerebral vasculitis or stroke is ten¬ 
uous at best. In light of this, it is worthwhile to ask if any 
other data support such an association. Unfortunately, parenchy¬ 
mal brain disease has not been reported in any animal model. 
Peripheral nerve disease occurs fairly commonly both in infected 
patients (Halperin, 2003) and in experimentally infected rhesus 
macaque monkeys (Roberts etal., 1998). Although in bothhumans 
and monkeys this is a patchy multifocal disease (mononeuritis 
multiplex), with perivascular inflammatory infiltrates evident in 
biopsied nerves, in neither has there ever been evidence of a 
true vasculitis or significant vasculopathy. Thus, although neu¬ 
rosyphilis has been known for many years to cause vascular inflam¬ 
mation and damage, to date there is little proof that this occurs in 
Lyme disease. 

Should one consider screening for Lyme disease in patients with 
stroke? Unless in an endemic area, clearly not. In endemic areas 
it may be worth testing individuals who have had other systemic 
or neurologic symptoms prior to the acute event - virtually all the 
patients in the literature in whom there is a possible association 
had a significant prodrome. If the diagnosis is considered, CSF 
examination is mandatory, as is a careful consideration of other 
potential causes of cerebral vasculitis or vasculopathy. 
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BEHCET'S DISEASE 

Emre Kumral 


Introduction 

Behcet’s disease (BD) is a multisystemic inflammatory disorder of 
unknown etiology, and neurologic involvement is one of the major 
clinical features (International Study Group for Behget’s Disease, 
1990; Yazici, 2002). The most known triad of the disease, described 
as the components ofthis disease entity in 1937 by Behcet, includes 
recurrent oral and genital ulcerations and hypopyon iritis (Behget, 
1937). Since then, many other organ system involvements have 
been described such as mucocutaneous, ocular, articular, vas¬ 
cular, pulmonary, gastrointestinal, renal, and nervous, extending 
the borders of BD to a multisystem disorder (Serdaroglu, 1998). 
Knapp (1941) described the first clinical report of neurological 
involvement in BD. Cavara and D ’Ermo (1954) introduced the term 
“neuro-Behget’s disease" (n-BD) to describe a patient with menin¬ 
goencephalitis. It is well known that other neurological manifesta¬ 
tions such as aseptic meningitis, myelitis, optic neuritis, peripheral 
neuritis, myositis, cerebral venous thrombosis, and arterial stroke 
may occur in n-BD (Kawakita et al., 1967; O’Duffy et al., 1971; 
O’Duffy and Goldstein, 1976; Rougemont etal., 1982; Serdaroglu, 
1998; Serdaroglu etal., 1989; Wolf etal., 1965). 

Authors whose patient populations were sufficiently high have 
suggested a prevalence of 5.3% in Istanbul (Serdaroglu etal., 1989), 
16% in Casablanca (Benamour et al., 1990), 25% in Alexandria 
(Assaad-Khalil et al., 1993), and 3.3% in a nationwide survey in 
Iran (Davitchi et al., 1997). In an autopsy series, 20% of 170 cases 
of patients with BehceL’s syndrome showed pathological evidence 
for neurological involvement (Lakhanpal et al., 1985). Male gen¬ 
der frequency and the association with human leukocyte anti¬ 
gen (HLA) -B51 split of HLA-5 were more frequent in western than 
eastern countries (Yazici and Moutsopoulos, 1985). In Turkey and 
Japan, skin pathergy reaction is correlated with the presence of the 
disease, whereas no association between them could be found in 
Western countries (O’Duffy, 1990). 

Etiology 

The central pathological process in BD is vasculitis. There is evi¬ 
dence suggesting a role of immunological mechanisms in this 
vasculitis. The clinical picture may be the consequence of the inter¬ 
action of intrinsic (i.e. genetic) and extrinsic (i.e. some microor¬ 
ganisms) factors (Emmi et al., 1995; Mizuki and Ohno, 1996). 
Neutrophil hyperfunction and an increase in the CD8+/CD4+ 
cell ratio occur. There is an increase in circulating T cells bear¬ 
ing receptors; indeed, peptides derived from the 65-kd heat shock 


proteins (hsp) have been shown to stimulate T cells specifi¬ 
cally from patients with the disease (Lehner, 1997; Suzuki et al., 
1992). Such cells have been shown to be uveitogenic to Lewis rats 
(Stanford etal., 1994). Occurrence of familial cases and association 
of the disease with HLA-B51, at least in some populations, have 
accelerated genetic studies. The suspected region of susceptibility 
gene(s) for the disease is between the tumor necrosis factor (TNF) 
and HLA-B or HLA-C genes (Mizuki and Ohno, 1996). Moreover, 
some pathogenetic microorganisms such as some streptococcal 
strains, herpes simplex virus type 1, or hsp 65 may induce spe¬ 
cific immunopathological responses in genetically predisposed 
individuals. However, there is no evidence of a direct infectious 
cause. Antigenic cross-reactivity seems to be a better explana¬ 
tion, because antigens such as hsp have been shown to be shared 
between microorganisms and samples from patients with BD 
(Lehner etal., 1991; Stanford et al., 1994; Tasgi et al., 1998), sug¬ 
gesting that BD has an autoimmune nature (Sakane, 1997). How¬ 
ever, there is opposition to this autoimmune theory based on facts 
such as its male predominance, the lack of concurrent autoim¬ 
mune diseases, the lack of any specific antigen or antibody, and the 
lack of any relationship with HLA class II antigens (Yazici, 1997). 
Genetic susceptibility to BD has been noted in certain populations. 
In the Mediterranean region and the Middle East, HLA-B51 is sig¬ 
nificantly more common among BD patients. For example, up to 
84% of patients with BD in Turkey are positive for HLA-B51 (Yazici 
et al., 1980), a marker that is not found in other populations, such 
as British and North American patients (O’Duffy, 1994). 


Pathology 

When the clinicopathological and neuroradiological findings are 
combined, two different patterns of central nervous system (CNS) 
involvement in BD can be established: parenchymal (82% of cases) 
and neurovascular (18% of cases). The pathological process within 
the nervous parenchyma occurs mainly in the brainstem, basal 
ganglia, diencephalic structures (Figure 11.1), and internal cap¬ 
sules, and is also disseminated throughout the CNS as a low-grade 
inflammation. Neuropathological examination shows small foci of 
softening, lymphocytic perivascular infiltration, diffuse microglial 
activity, and small areas of demyelination (Shimizu, 1962; 
Totsuka and Midorikawa, 1972; Totsuka et al., 1979). Other patho¬ 
logical processes in the vascular system of the CNS are cerebral 
venous thrombosis, large-artery occlusion, aneurysm, and hem¬ 
orrhage. The visible lesions of parenchyma usually correspond 
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Figure 11.1 (a and b). Axial and sagittal T2-weighted MRI of a 40-year-old man with BD who presented with an acute brainstem syndrome showing very 
pronounced high-signal-intensity abnormalities throughout the brainstem. 


well to a main vascular territory in this type of involvement. 
This type of vascular involvement should be called vasculo-BD 
(Akman-Demir et al., 1996; Wechsler etal., 1992). The large arte¬ 
rial lesion in vasculo-BD represents inflammation occurring in the 
media and adventitia. In the affected arteries, vasculitis is usually 
considered to be the central pathological feature (Ehrlich, 1997; 
O’Duffy, 1990). However, a vasculitic process is usually not evi¬ 
dent in the CNS (Hadfield et al., 1997). Studies on the pathol¬ 
ogy of the CNS involvement have shown that both a low-grade 
chronic lymphocytic or neutrophilic infiltration and multifocal 
necrotic foci, predominantly in the brainstem and basal ganglion 
region, are seen (Rubinstein and Urich, 1963;Sugiharaefa/., 1969). 
Saccular aneurysms are probably produced by severe destruc¬ 
tion of the media due to intense active inflammation (Matsumoto 
etal., 1991). 

Neuro-Behcet's disease 

Neurologic involvement is one of the most devastating mani¬ 
festations of BD. This involvement may occur primarily within 
the nervous parenchyma (n-BD) or secondarily in the cerebral 
vascular system (vasculo[angio]-BD) (Serdaroglu, 1998). Menin¬ 
goencephalitis of n-BD begins months or years after the mucocu¬ 
taneous manifestations and often develops with exacerbations of 
the non-neurological symptoms. Neurologic deficits may be seen 
acutely or by gradual onset and usually progress in a halting man¬ 
ner with periods of acceleration and incomplete remission. The 
meningoencephalitis predominates in the brainstem and is char¬ 
acterized by a variety of symptoms that have fluctuating courses 
and include headache, pyramidal tract signs, cerebellar incoordi¬ 
nation, pseudobulbar palsy, seizures, and stupor (Kawakita etal., 
1967; O’Duffy and Goldstein, 1976;Rougemontefa/., 1982;Tsutsui 
et al., 1998; Wolf etal., 1965). Examination of the spinal fluid may 
reveal a slight pleocytosis with a preponderance of lymphocytes, 


a moderate increase in total protein, and an elevation of gamma 
globulins. CT scans may show focal areas of decreased density that 
maybe enhanced after contrast injection (Herskovitz etal., 1988; 
Patel etal., 1989) MRI may show focal regions of increased signal on 
T2-weighted images, mainly in the brainstem, basal ganglia, and 
hypothalamus. These lesions do not conform to arterial territo¬ 
ries, are often larger than those encountered in arteritis, and have 
a tendency to resolve over time (following treatment), although in 
chronic cases they are particularly associated with brainstem atro¬ 
phy (Banna and El Ramahi, 1991; Montalban etal., 1990; Wechsler 
etal., 1993). 

In contrast, symptoms that are considered typical of multiple 
sclerosis, such as paroxysmal attacks, can occasionally be observed 
in n-BD cases. MRI findings are discriminative in most of the cases 
where the major lesion is located in the brainstem-diencephalon- 
basal ganglion region (Akman-Demir et al., 1998; Gerber et al., 
1996; Wechsler etal., 1993). However, the predominant lesion may 
be in the periventricular white matter (Miller etal., 1987; Morissey 
et al., 1993), in which case it will be difficult to discriminate from 
multiple sclerosis (Coban etal., 1999). Insuchcases, cerebrospinal 
fluid (CSF) pleocytosis with polymorphonuclear predominance, 
and the absence of more than two oligoclonal immunoglobulin G 
(IgG) bands may indicate n-BD (Saruhan-Direskeneli etal., 1996). 
Other than multiple sclerosis, in certain cases of CNS infection - 
especially when there is CSF pleocytosis and fever - cerebrovas¬ 
cular disease, brain tumors, and compressive myelopathy should 
be considered in the differential diagnosis of n-BD. 

In patients with vasculo-BD, neurologic abnormalities may 
develop due to cerebral venous or large- or small-artery involve¬ 
ment, and a variety of clinical features such as pseudotumor cere¬ 
bri, cerebral venous thrombosis, transient ischemic attacks (TIAs), 
stroke, and bulbar and pseudobulbar palsy may be seen (Bousser 
etal., 1980; Iragui and Maravi, 1986; Shimizu etal., 1979; Uruyama 
et al., 1979). The pathophysiology of vasculo-BD is not clear, and 
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our knowledge is limited with the data derived from pathological 
and angiographic studies. 


Vasculo-Behcet's disease 

CNS vasculature involvement is rare in BD. The main vascular 
pathological process in the CNS is thrombosis of large sinuses and 
veins, which has a special place and importance in BD and may be 
considered as vasculo-BD. Arterial involvement is extremely rare, 
but does occur and can have a wide range of manifestations such as 
arterial malformations, intracranial hemorrhages, and occlusive 
arterial disease. 


Cerebral sinus and venous thrombosis 

Thrombosis of cerebral large veins and sinuses is the most com¬ 
mon feature of vasculo-BD, although thrombosis of the vena cava 
and portal vein may also occur in one third of these patients, 
ft is well known that papilledema and pseudotumor cerebri or 
benign intracranial hypertension are reported frequently as a 
manifestation of cerebral sinus and venous thrombosis (CSVT) in 
patients with BD (Ben-Itzhakera/., 1985; Bousser ef«Z., 1980,1985; 
Imaizumi etal., 1980; Kawakita etal., 1967; Masheter, 1959; Pamir 
et al., 1981; Serdaroglu et al., 1989; Shakir et al., 1990; Wechsler 
etal., 1986 Wilkins etal., 1986). CT and MRI and/or magnetic res¬ 
onance angiography (MRA) are important investigations to either 
disclose or exclude dural sinus thrombosis in patients with benign 
intracranial hypertension, particularly in the context of BD (Ameri 
and Bousser, 1992; Bousser etal., 1985; Harper etal., 1985). 

Isolated intracranial hypertension is not the only manifestation 
of CSVT in BD. Most of the patients develop focal signs such as focal 
seizures or focal deficits that can have highly variable patterns 
of onset: acute, mimicking an arterial stroke, or subacute, dur¬ 
ing days and sometimes weeks, mimicking meningoencephalitis 
(Ameri and Bousser, 1992; Bousser et al., 1985;Medejelera/., 1986). 
Such patients are often misdiagnosed as n-BD, whereas the associ¬ 
ation of CSVT with n-BD is rare (Serdaroglu ef al. y 1989). The signs 
and symptoms of CSVT in BD are similar to the mode of onset in 
patients with CSVT due to other causes. It most frequently affects, 
in order of decreasing frequency, the superior sagittal sinus (SSS), 
lateral sinuses, cortical veins, veins of the galenic system, and cav¬ 
ernous sinuses (Figure 11.2). In most patients, thrombosis affects 
several sinuses, or sinuses together with cerebral veins, which 
explains the frequent association between signs of intracranial 
hypertension and focal signs (Ameri and Bousser, 1992; Bousser 
et al., 1985). Isolated cortical and deep vein thrombosis may be 
seen in BD with seizures, concurrent meningitis, and intracranial 
hypertension (Kidd etal., 1999; Sagduyu etal., 2006) (Figure 11.3). 

Although CT is normal in 20% of patients with isolated intracra¬ 
nial hypertension, CT scan may show direct signs of SSS throm¬ 
bosis in the majority of cases such as empty-delta signs; dense- 
triangle, localized, or diffuse swelling; intense contrast enhance¬ 
ment of the falx and tentorium; or a spontaneous hyperdensity or 
hypodensity, more or less suggestive of a venous infarct (Ameri and 
Bousser, 1992; Bousser et al., 1985). Digital subtraction angiogra¬ 
phy (DSA) is the gold method to reveal the thrombosis itself, but it 



Figure 11.2 MRA of a 25-year-old man with n-BD. Notice the lack of filling of 
the superior sagittal and transverse sinuses. 



Figure 11.3 Fluid-attenuated inversion recovery (FLAIR) sequence MRI of a 
patient who presented with headache and hemiparesis due to cortical vein 
thrombosis with infarction. 


seems to have been replaced by MRI and MRA, the major advan¬ 
tage of which was noninvasiveness with higher sensitivity to show 
CSVT (Ameri and Bousser, 1992; Macchi et al., 1986; Montalban 
etal., 1990; Wechsler etal., 1992). 

The neuro-BD form frequently occurs with exacerbations of the 
extraneurological and inflammatory signs, whereas CSVT seems to 
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Figure 11.4 DSA of a patient with vasculitis, (a) Slight stenosis of distal part of the V4 segment of right VA and irregularities of the basilar artery (BA), (b) Ectasic 
appearance of proximal segment of BA and beading of PI and P2 segment of left posterior cerebral artery (PCA). 


belong to the vasculo-BD subgroup. The prognosis of patients with 
CSVT is usually good; in this respect it again differs from neuro- 
BD meningoencephalitis. The treatment of choice is heparin or 
low-molecular-weight heparin followed by long-term oral antico¬ 
agulants that can be combined with corticosteroid treatment for 
long-term suppression of the immunopathological status (Ameri 
andBousser, 1992; Bousserefa/., 1985). In a previous series, wors¬ 
ening of a patient under anticoagulation was not related to treat¬ 
ment itself (Wechslerefa/., 1992). 

Ischemic stroke 

Ischemic cerebrovascular manifestations are less frequent in 
patients with BD than in those with aseptic meningitis or menin¬ 
goencephalitis. During the course of BD, arterial involvement is 
rare (1-5%), and peripheral arteries are most often involved with 
aneurysm and pseudo-aneurysm formation or occlusion (Dilsen, 
2000). Occlusions of the large cerebral arteries have been uncom¬ 
monly reported, both clinically (Bienenstock and Murray, 1961; 
IraguiandMaravi, 1986; Shimizu etal., 1979; Uruyama eta/., 1979) 
andpathologicaliy(TotsukaefaZ, 1979). In Japanese series, the inci¬ 
dence of intracerebral large-artery occlusive disease was around 
0.15% (Shimizu etal., 1979; Uruyama etal., 1979), which is lower 
than the 2.3% incidence for extracerebral large-artery involvement 
(Shimizu et al., 1979). In a series of 868 BD patients, only 2 had 
cerebral artery occlusion (Uruyama et al., 1979). Shimizu et al. 
(1979) reported 2 patients with common carotid artery occlusion 
among 81 cases of vasculo-BD investigated from a series of 1731 
patients with BD. In a study of 323 patients with BD, 2 patients 
had supratentorial infarct in the centrum semiovale and inter¬ 
nal capsule, and the other 3 patients had brainstem involvement 
with Wallenberg’s syndrome, pseudobulbar signs, and brief loss of 
consciousness. One case had a cerebral angiogram with normal 
carotid and vertebral arteries (Serdaroglu etal., 1989). In another 
case report, the patient presented TIAs that preceded the muco¬ 
cutaneous symptoms of the disease by several years. Angiography 


showed a high-grade stenosis of the left middle cerebral artery 
(MCA) that became occluded during the procedure. In a fewyears, 
the patient developed almost total blindness in the left eye with 
fundoscopic signs of ischemic retinopathy due to an occlusion of 
the left internal carotid artery (Iragui and Maravi, 1986). An autop- 
sied patient was reported who had MCA occlusion on angiography 
that appeared after mucocutaneous lesions (Suga etal. , 1990), and 
another autopsy study of a BD patient clearly showed neuropatho- 
logical findings consistent with panarteritis of branches of the 
MCA causing occlusion and infarction in its territories (Nishimura 
etal., 1991). 

BD is usually included among the systemic vasculitides (Allen, 
1993) but documented cerebral arteritis is extremely rare and even 
a debatable mechanism for CNS involvement. However, some 
patients have been reported as having a typical appearance of 
arteritis with multiple segments of stenosis, dilatations, or occlu¬ 
sion of proximal segments of medium-sized intracranial vessels, 
usually of the MCA, which were sometimes associated with more 
peripheral small-vessel involvement (Bienenstock and Murray, 
1961; Buge etal., 1987; Nishimura etal., 1991; Zelenski efrd., 1989). 
In all patients, there was convincing evidence that a vasculitic pro¬ 
cess underlined the arterial changes. High protein content and/or 
pleocytosis of CSF were seen in all the patients. In two patients 
there was vasculitis elsewhere; pulmonary in one case (Buge etal., 
1987), and retinal in two cases (Buge et al., 1987; Zelenski et al., 
1989). Spontaneous progression (Buge etal., 1987) or regression 
of the arterial changes under immunosuppressive therapy (Iragui 
and Maravi, 1986; Zelenski et al., 1989) pleaded also in favor of 
vasculitis in three patients (Iragui and Maravi, 1986; Zelenski etal., 
1989). In a large registry, including 200 n-BD patients, cerebral vas¬ 
culitis and brain infarction was present in only one patient (Krespi 
et al., 2001). In this series, another patient reported with right 
brainstem infarction had right extracranial vertebral artery (VA) 
dissection due to vasculitis (Bahar et al., 1993) (Figure 11.4). His¬ 
tological studies show a nonspecific vasculitis with mononuclear 
cells or neutrophilic infiltration, endothelial cell proliferation, 
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destruction of internal elastic lamina, fibrinoid necrosis, and 
thrombus formation. Vasculitis of vasa vasorum is usually con¬ 
sidered to be responsible for aneurysm or pseudoaneurysm for¬ 
mation (Matsumoto etal., 1991; Totsuka and Midorikawa, 1972). 

Some patients with CTsigns ofhemisphericinfarctionhavebeen 
reported. In these reports, the patients have had arterial strokes, 
but no angiographic or pathological details concerning the under¬ 
lying arterial lesions (Shakir et al., 1990). Zelenski et al. (1989) 
reported a single patient with dramatic improvement of arterial 
lesions after 8 months of aggressive treatment with an initial course 
of intravenous nitrogen mustard and a long-term administration 
of chlorambucil and prednisolone. 

Our recent study showed that one third of the 55 patients with BD 
had microembolic signals (MES) on transcranial Doppler exami¬ 
nation, especially with a preponderance in the frequency of MES 
in patients with neurological involvement (Kumral etal., 1999). It 
is notable that MES were present in all patients with neurological 
involvement, including basal ganglia (4 patients) and upper brain¬ 
stem (1 patient) involvement and cerebral venous thrombosis 
(1 patient). The high prevalence of MES in the patient with cerebral 
venous thrombosis may be explained by generalized activation of 
thrombotic system due to an immunopathologic process in the 
blood. It is probable that, in some patients with BD, immunological 
mechanisms promote the formation of microthrombi, and there¬ 
after yield to embolization of the distal vascular system. Previous 
studies showed an activation of blood coagulation such as short¬ 
ening of prothrombin time, decreases in concentrations and activ¬ 
ities of plasma anti thrombin III, and elevated levels of the plasma 
thrombin-antithrombin-III complex. Moreover, increased plasma 
levels of protein C and total protein S levels, plasminogen activa¬ 
tor activity, and decreased levels of alpha 2-plasmin inhibitor also 
indicated an activation of fibrinolysis in these patients (Fusegawa 
etal., 1991; Hampton etal., 1991). 


Hemorrhagic stroke 

In BD, subarachnoid and intracerebral hemorrhages are uncom¬ 
mon. A patient with three recurrent massive intracranial hem¬ 
orrhages had severe hypertension (Nagata, 1985). Postmortem 
examination showed the usual features of n-BD and concomitant 
hypertensive changes in the cerebral small penetrating arteries. 
The author accepted that the recurrent hemorrhages were more 
likely due to the hypertension than to the perivascular lesions of 
BD. 

A rare instance of a spinal subarachnoid hemorrhage due to a 
dissection of the extracranial VA in its V2 segment and an aneurys¬ 
mal dilatation of a radiculomedullary branch in its intradural por¬ 
tion at the C5 level was reported (Bahar et al., 1993). A spinal 
subarachnoid hematoma was also found in another man with 
BD. The hematoma was completely evacuated, but there was 
no description of histological examination (Arias et al., 1987). 
In BD, aneurysm (either saccular or dissecting type) formation 
occurs most commonly in the aorta (Matsumoto et al., 1991). In 
the affected arteries, active arteritis occurs initially, followed by 
destruction of the media and fibrosis. Saccular aneurysms were 


probably produced by severe destruction of the media by active 
inflammation. 

A few patients with single or multiple cerebral aneurysms have 
been reported (Bartlett et al., 1988; Buge et al., 1987; Godeau et 
al., 1980; Shakir et al., 1990; Shimizu et al., 1979). They are less 
frequent than systemic aneurysms with which they are frequendy 
associated. They can be asymptomatic, or can yield to subarach¬ 
noid or intracerebral hemorrhage or to ischemic stroke (Buge 
etal., 1987). A unique patient was reported with multiple systemic 
arterial lesions and right leg weakness of sudden onset. On angiog¬ 
raphy, she was found to have both an aneurysm of the left anterior 
communicating artery and a large arteriovenous malformation 
(Hassen Khoda et al., 1991). Another patient with arteriovenous 
malformation was reported, but it was a dural malformation drain¬ 
ing into the right transverse sinus in this patient, who had bilateral 
occlusion of the lateral sinuses (Imaizumi etal., 1980). 

Treatment of vascular manifestations 

Certain factors influence the course and prognosis of n-BD cases. 
According to recent findings, the most important of these is the 
correlation between the acute-stage CSF findings and the clinical 
course. Normal CSF at the acute stage is associated with a bet¬ 
ter prognosis, i.e. a stable course and less disability, whereas high 
cellular and/or protein content is significantly associated with a 
worse prognosis. This should be kept in mind when initiating treat¬ 
ment at the acute stage and making a decision about the addition 
of immunosuppressants to corticosteroid treatment. Other associ¬ 
ations with a poor prognosis, such as "brainstem +” type involve¬ 
ment and a progressive course, are less surprising. The long-term 
prognosis in n-BD may not be as favorable as that observed in 
short-term follow-up. On 7-year follow-up of 42 patients with 
n-BD, 2 had had dural sinus thrombosis and the other 2 had gone 
through a Wallenberg-like brainstem syndrome, which could be 
attributable to the vascular events (Akman-Demir etal. , 1996). The 
overall prognosis for patients with arterial involvement in BD is far 
worse than that for patients with venous manifestations, because 
of aneurysm relapse, recurrence after vascular surgery, and rup¬ 
ture of the vascular wall. Inaseriesof24 patients with extracerebral 
arterial involvement, death occurred in 6 cases, mostly because of 
aneurysm rupture (Huong du etal., 1993). 

There has been no controlled trial of therapy on cerebral 
ischemic events, although immunosuppressive agents are the 
main choice of drugs as well as in many immunopathological 
states. Corticosteroids control many symptoms, although they 
do not prevent end points such as blindness, recurrent CNS 
vasculature involvement, or death (Yazici, 2002). Cortico¬ 
steroids can be applied in oral or pulsed regimens espe¬ 
cially in the acute phase. Some groups recommend chloram¬ 
bucil, but it is not widely utilized because of the side effects 
(O’Duffy, 1990). Intravenous immunoglobulin, plasma exchange, 
tacrolimus, cyclosporin, interferon-2a, total nodal lymphoid irra¬ 
diation, and transfer factor are notwidelyused (O’Duffy etal., 1996; 
Sakane, 1997). For long-term suppression of the disease, steroids 
can be combined with azathioprine, colchicine, and cyclophos¬ 
phamide. Treatment for dural sinus venous thrombosis involves 
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anticoagulation; some authors advocate the concurrent use of cor¬ 
ticosteroids for large-artery involvement (Wechsler et al., 1992; 
Yazici etal., 1996), although again this has not been established by 
means of a prospective clinical trial. 

Conclusion 

Cerebrovascular complications of BD are rarer than parenchymal 
involvement of the CNS and aseptic meningitis. The most com¬ 
mon vascular manifestation is CSVT, which accounts for about 
11-35% of the neurological manifestations of BD. It usually entails 
a good prognosis but requires early and prolonged anticoagu¬ 
lation together with corticosteroid treatment. Cerebral arterial 
manifestations such as aneurysms, arteriovenous malformations, 
intracranial or spinal hemorrhages, arterial dissections, large- 
artery occlusions, and arteritis are extremely rare. They are usually 
associated with systemic arterial lesions and entail a severe prog¬ 
nosis. Abnormal CSF and parenchymal involvement, especially of 
the “brainstem +” type, justify more aggressive treatment. A com¬ 
bination of steroids, immunosuppressants, and anticoagulants is 
required in occlusive cases. No formal trial of treatment for this 
disorder has been published, so there is now an urgent need to do 
so through multicenter clinical trials. 
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STROKE AND NEUROSARCOIDOSIS 

Olukemi A. Olugemo and Barney J. Stern 


Introduction 

Stroke is the third leading cause of death in the United States, and 
the leading cause of disability in the adult population. Most of the 
well-known risk factors for hemorrhagic and ischemic stroke can 
be controlled to some extent with medications and lifestyle and 
dietary modifications. In contrast, the contribution to stroke risk 
from disease entities such as inflammatory and infectious disor¬ 
ders may be less readily managed. One of the exceptional causes 
of stroke is granulomatous inflammation of primarily small and 
medium-sized blood vessels in patients with neurosarcoidosis. 

Sarcoidosis is often referred to as a “disease of exclusion” (Gul- 
lapalli and Phillips, 2002). The definitive diagnosis of sarcoidosis 
requires histopathologic demonstration of noncaseating epithe¬ 
lioid granulomas that are not due to infection or malignancy. 

Epidemiology of sarcoidosis 

The term “sarkoid” was first coined in 1899 by Boeck, a Norwegian 
dermatologist, to describe a skin lesion that he thought resem¬ 
bled a sarcoma histologically. The disorder is now known to be a 
multisystem granulomatous disease of unknown etiology that pri¬ 
marily affects the lungs and the lymphatic system. Other typical 
organs affected include the skin, liver, eyes, heart, and the mus¬ 
culoskeletal system. Central nervous system (CNS) involvement 
occurs in approximately 5% of patients with sarcoidosis (Stem, 
2004), although there have been reports of incidence as high as 26% 
(Allen etal., 2003). Approximately 50% of patients with neurosar¬ 
coidosis present with neurologic disease at the time sarcoidosis is 
first diagnosed. 

The incidence of sarcoidosis is approximately 40 per 100 000 
persons. African Americans, Swedes, and Danes have the highest 
prevalence rates in the world (Burns, 2003). The disease affects 
both sexes almost equally. Young adults in the third to fourth 
decade of life are most likely to develop this disease, although 
sarcoidosis has been diagnosed in patients as young as 3 months 
and as old as 78 years. Both familial clustering of cases and the 
racial variation in epidemiology argue for the role of genetics in 
the pathogenesis of sarcoidosis. 

Immunopathogenesis of sarcoidosis 

Non-necrotizing granulomas in sarcoidosis comprise epithelioid 
cells, macrophages, lymphocytes, monocytes, and fibroblasts 
(Stern, 2004; Van Gundy and Sharma, 1987). The precise etiology of 


granuloma formation is unknown; however, it is widely accepted 
that sarcoidosis is caused by exaggerated immune responses. 
There has been speculation about various organisms such 
as mycobacteria, propionibacterium, borrelia, or viruses being 
potential triggers for the inflammatory response. Additionally, 
noninfectious agents such as beryllium, zirconium, and aluminum 
have also been implicated because of their ability to induce a gran¬ 
ulomatous response (Moller and Chen, 2002b). 

Much of the information now known about the immunopatho¬ 
genesis of granuloma formation in sarcoidosis is gleaned from 
studies of patients with lung involvement, primarily through bron- 
choalveolar lavage specimens. The cascade of events begins with 
the deposition of a poorly soluble antigen that becomes the core of 
granuloma formation (Moller and Chen, 2002). Shortly after this 
step, there is an accumulation of T lymphocytes and mononu¬ 
clear cells at the site of inflammation. These lymphocytes and 
other inflammatory cells secrete cytokines such as interleukin -2 
(IL-2), interleukin-1 (IL-1), interferon- 7 , and tumor necrosis factor 
(TNF-a) . IL-2 promotes lymphocyte proliferation, and interferon- 
7 activates macrophages. TNF-a steers the inflammatory process 
towards fibrosis and granuloma formation. Cytokines lead to the 
differentiation of B cells, which further contributes to the inflam¬ 
matory process. If these processes remain exuberant, obliterative 
fibrosis eventually develops. This is one potential mechanism that 
might be responsible for occlusion of vessels and subsequent cere¬ 
bral infarction in patients with neurosarcoidosis. 

Clinical manifestations of neurosarcoidosis 

Patients can be classified as having possible, probable, or definite 
neurosarcoidosis based on the certainty of the diagnosis of mul¬ 
tisystem sarcoidosis, the pattern of neurological disease, and the 
response to therapy. The following is adapted from Zajicek et al. 
(1999): 

1. Possible: the clinical syndrome and neurodiagnostic evaluation 
are suggestive of neurosarcoidosis. Infection and malignancy 
have not been rigorously excluded, or there is no pathologic 
confirmation of systemic sarcoidosis. 

2. Probable: the clinical syndrome and neurodiagnostic evalua¬ 
tion are suggestive of neurosarcoidosis, and alternative diag¬ 
noses have been excluded, especially infection and malignancy. 
There is pathologic evidence of systemic sarcoidosis. 

3. Definite: (a) the clinical presentation is suggestive of neurosar¬ 
coidosis, other possible diagnoses are excluded, and there is 
the presence of supportive nervous system pathology; or (b) the 
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criteria for a “probable" diagnosis are met, and the patient has 

had a beneficial response to therapy for neurosarcoidosis over 

a 1- to 2-year observation period. 

As reviewed by Stern in 2004, the neurologic manifestations 
of sarcoidosis and their approximate frequencies are cranial 
neuropathies (overall 50-75%; facial palsy 25-50%); meningeal 
disease, including aseptic meningitis and mass lesion (10-25%); 
hydrocephalus (10%); parenchymal disease (overall 50%), includ¬ 
ing endocrinopathy, encephalopathy, vasculopathy (5-10%), 
seizures (5-10%), vegetative dysfunction, extramedullary or 
intramedullary spinal canal disease, and cauda equina syndrome; 
neuropathy (15%), including demyelinating, axonal, sensory, 
motor, sensorimotor, mononeuropathy multiplex, and Gullain- 
Barre syndrome; and lastly myopathy including nodule(s), 
polymyositis, and atrophy. 

The entire CNS axis is vulnerable to granulomatous infiltration 
from neurosarcoidosis. Stroke is, however, an exceedingly rare 
complication of neurosarcoidosis, with very few case reports in 
the literature. 

Pathophysiology and clinical presentations of 
stroke in sarcoidosis 

One or more mechanisms maybe responsible forthe development 
of stroke in patients with neurosarcoidosis. These include small- 
vessel disease with in situ thrombosis from perivascular gran¬ 
ulomatous inflammation, cardiogenic emboli caused by either 
restrictive or dilated cardiomyopathy and associated arrhythmias 
or conduction disturbances, large artery compression from adja¬ 
cent granulomatous mass lesions, large artery inflammation with 
in situ thrombosis, and, possibly, artery-to-artery emboli. 

Cytokines have been found to influence both procoagulant and 
anticoagulant pathways. Previous studies identified TNF-a, IL-1, 
IL-6, IL-12, and IL-2 as cytokines that can induce thrombin gen¬ 
eration in human subjects. Van der Poll et al. (1990) discovered 
that TNF activates the common pathway of coagulation, probably 
induced through the extrinsic route. PaleologefaZ. (1994) reported 
that “stimulation of endothelial cells in vitro by TNF-a increases 
the surface expression of leukocyte adhesion molecules, enhances 
cytokine production, and induces tissue factor procoagulant activ¬ 
ity." They studied the actions of two surface receptors for TNF-a 
(p55 and p75) on endothelial cells, and found that “endothelial 
cell responses to TNF-a, such as expression of tissue factor and 
adhesion molecules for mononuclear cells, may be important in 
the pathogenesis of atherosclerosis, and are mediated predomi¬ 
nantly, but not exclusively, by the p55 TNF receptor." 

Other authors have reported abnormalities in fibrinolysis 
and coagulation in patients with sarcoidosis (Hasday et al., 
1988). These include increased tissue thromboplastin activity, 
decreased plasminogen activator activity, decreased protein C 
activity, increased factor VII activity, and increased thrombin- 
activatable fibrinolysis inhibitor. These observations provide addi¬ 
tional explanations for the development of cerebral infarction in 
patients with neurosarcoidosis. 

Although transient ischemic attacks (TIAs) and stroke rarely 
develop in patients with neurosarcoidosis, pathologic studies 


often show evidence of vascular involvement. Parenchymal gran¬ 
ulomas can abut or encase arteries or veins. According to Brown 
ef al., (1989), numerous studies have shown “granulomatous inva¬ 
sion of the blood vessel walls, with vasculitic disruption of the 
media and the internal elastic lamina.” Other reports have shown 
granulomatous vessel stenosis or occlusion, sometimes clearly 
associated with small brain infarcts. Rather than presenting with 
signs or symptoms of acute stroke, these patients had “a slowly 
progressive encephalopathy characterized by headache, seizures, 
confusion, dementia or coma" (Brown et al., 1989). The discrep¬ 
ancy between the frequent neuropathological findings of vascu¬ 
lopathy and the rarity of clinical stroke in neurosarcoidosis may 
reflect the chronic nature of the inflammation. 

Caplan el al. (1983) described pertinent neuro-ophthalmologic 
findings in two patients with postmortem granulomatous angi¬ 
itis. The first patient was a 21-year-old man with biopsy-proven 
sarcoidosis involving the lymphatic system, lungs, eyes, and CNS. 
His initial presentation was the development of fever, cough, night 
sweats, and headache. He also had right eye uveitis. He responded 
to treatment with corticosteroids, but 6 months after his corti¬ 
costeroids had been tapered, he had a relapse of headache, right 
eye pain, and blurry vision. Fundoscopic examination at that time 
revealed “bilateral optic disc edema, periphlebitis with sheathing, 
scattered peripheral exudates, and cells in the vitreous.” Treat¬ 
ment with corticosteroids was re-initiated, but after a subsequent 
taper, the patient had a decline in gait and mental status, and 
died shortly after a diagnostic lumbar puncture was performed. 
Pathologic examination of the brain showed extensive herniation 
of the cerebellar tonsils; a swollen left hemisphere with several 
areas of discrete hemorrhage in the left cerebellar hemisphere, ver¬ 
mis, and pons; and multiple epithelioid granulomas throughout 
the meninges. These granulomatous changes affected the entire 
wall of veins and the adventitia of the arteries. 

The second patient presented with hypopituitarism and tran¬ 
sient episodes of slurred speech, right face and arm numbness, and 
trouble controlling the right arm. The spells lasted approximately 
10-20 minutes. They were often preceded by an odd taste in the 
mouth. Electroencephalogram showed diffuse slowing. CT scan of 
the brain and bilateral carotid angiography showed no abnormal¬ 
ities. Multiple lumbar punctures revealed increased cerebrospinal 
fluid (CSF) protein and pleocytosis. The patient later developed 
acute shock and respiratory distress, and died approximately 
18 months after his initial presentation. Pathologic studies 
revealed evidence of severe granulomatous meningitis. There were 
tiny white plaques on the surface of the brain, “milky perivenous 
exudates,” “arterial cuffing by lymphocytes,” and multiple infarcts 
of various ages in the anterior pituitary gland. Cultures for fungi, 
bacteria, tuberculosis, and viruses were all negative; hence the 
presumed diagnosis was neurosarcoidosis. 

Other authors have reported the occurrence of angiitis in 
patients with sarcoidosis (Caplan et al., 1983). The granulomas 
tend to involve the Virchow-Robin perivascular spaces and adven¬ 
titia, sometimes extending into the media and intima of arter¬ 
ies. Panarteritis often leads to thrombosis. Veins can also become 
infiltrated with epithelioid cells, lymphocytes, and plasma cells 
(see Figures 12.1-12.3 for representative biopsy specimens). 
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Figure 12.1 Photomicrograph of a frontal lobe biopsy specimen at 200 
magnification showing perivascular lymphocytes and a collection of epithelioid 
histiocytes (i.e. granuloma). See color plate. (Courtesy of Dr. Rudy Castellani, 
Dept, of Pathology at University of Maryland School of Medicine.) 



Figure 12.2 Photomicrograph of a temporal lobe biopsy at 60 magnification 
showing perivascular Virchow-Robin space infiltration by lymphocytes and one 
well-formed granuloma. See color plate. (Courtesy of Dr. Rudy Castellani, Dept, 
of Pathology at University of Maryland School of Medicine.) 

Corse and Stem (1989) presented the case of a 38-year-old 
patient with biopsy-proven sarcoidosis involving the lungs, eyes, 
skin, and lymph nodes. The patient developed acute left hemipare- 
sis after 2 weeks of transient neurologic deficits. Physical exami¬ 
nation revealed a pure motor hemiparesis without any cortical 
signs. Brain CT and MRI showed an enhancing suprasellar mass 
adjacent to the internal carotid artery (ICA) and anterior cerebral 
artery (ACA). There was also an area of increased signal intensity 
in the posterior limb of the internal capsule on the T2-weighted 
MRI images. A transthoracic echocardiogram showed moderate 
concentric left ventricular hypertrophy and apical hypokinesis. 



Figure 12.3 Photomicrograph at 60 magnification showing leptomeningeal, 
perivascular lymphocytic, and granulomatous infiltration, with gliosis of the 
molecular layer of the neocortex. See color plate. (Courtesy of Dr. Rudy 
Castellani, Dept, of Pathology at University of Maryland School of Medicine.) 

Angiography demonstrated “a tapering stenosis of the right ante¬ 
rior cerebral artery.” The patient’s total cholesterol was slightly 
elevated at 240 mg/dL. Westergren sedimentation rate was also 
elevated at 37 mm/h (normal 0-8 mm/h). Examination of the 
CSF was consistent with inflammation. The total protein was 
89 mg/dL, glucose 60 mg/dL, and white blood cell count 118 per 
mm 3 with 36% mononuclear cells and 64% polymorphonuclear 
cells. Immunoglobulin G (IgG) index was elevated at 0.79 (normal 
0.34-0.66). 

The patient was treated with oral prednisone for several months, 
and follow-up imaging showed a progressive decrease in the size of 
the suprasellar mass. The conclusion was drawn that the capsular 
infarct that this patient sustained was due to neurosarcoidosis. 

A handful of other investigators have reported similar patients 
with focal recurrent neurological deficits attributable to neurosar¬ 
coidosis. Nakagaki et al. (2004) reported a 75-year-old woman 
with sarcoidosis who developed sudden weakness of the left arm 
and leg. Diffusion-weighted MRI showed an acute right parieto¬ 
occipital infarct, and a biopsy specimen from the occipital cor¬ 
tex revealed epithelioid granulomas without caseous necrosis. 
Dakdouki et al. (2005) reported a case of intracerebral bleeding 
in a patient with neurosarcoidosis while on corticosteroid ther¬ 
apy. This was the third of such known cases in the literature of 
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intracerebral hemorrhage attributed to sarcoidosis. The authors 
propose an increase in vascular permeability as a potential mech¬ 
anism of intracerebral hemorrhage in neurosarcoidosis. 

Dural sinus thrombosis has also been reported in patients with 
neurosarcoidosis, presumably due to either an acquired coag¬ 
ulopathy or direct infiltration of the sinovenous system. Akova 
et al. (1993) reported a 35-year-old man with “pseudotumor 
cerebri’’ and meningeal sarcoidosis as the presenting feature 
of neurosarcoidosis. The patient initially presented with dia¬ 
betes insipidus (polyuria and polydipsia), followed by horizontal 
diplopia and left gaze palsy within 1 month. Of note, there was a 
6-year history of severe occipital headaches and convulsions with¬ 
out any identified etiology. A lumbar puncture performed approx¬ 
imately 3 months after diabetes insipidus ensued was notable for 
an opening pressure of 340 mm H 2 0, protein of 62 mg/dL, glu¬ 
cose of 41 mg/dL, and elevation of IgG levels in the serum and 
CSF. Chest radiography was normal, but a gallium scan revealed 
bilateral perihilar involvement. CT showed a left occipital infarct, 
and MRI revealed diffuse leptomeningeal enhancement, pituitary 
gland enlargement, left occipital and subtemporal infarcts, and 
sagittal sinus thrombosis (confirmed by digital subtraction angiog¬ 
raphy). The patient’s symptoms improved rapidly after treatment 
with 80 mg of prednisone per day. Table 12.1 shows selected 
cases of TIA or clinical stroke in patients with neurosarcoidosis. 
Additionally, a representative brain MRI and magnetic resonance 
angiography (MRA) of a patient with neurosarcoidosis and stroke 
involving the anterior circulation is illustrated in Figure 12.4. 


Treatment 

Corticosteroids are the mainstay of treatment for patients with 
symptomatic neurosarcoidosis; however, the severity and chronic- 
ity of this disease in some patients often leads to reluctance in 
subjecting patients to the long-term sequelae of corticosteroid 
treatment. Furthermore, corticosteroid therapy can lead to dia¬ 
betes mellitus, which can lead to atherosclerosis and endothelial 
dysfunction (Iuchi ef al., 2003; Molnar etal., 2002). 

There is a body of evidence, mostly gathered from case 
series and expert opinions, that treatment with other forms 
of immune-modulating drugs can shorten exacerbations and 
alleviate symptoms. Examples of such adjunct or alternative 
drugs include methotrexate, cyclophosphamide, azathioprine, 
cyclosporine, mycophenolate mofetil, and chlorambucil (Stern, 
2004). Pentoxifylline (Trental) inhibits TNF-a production from 
macrophages in patients with sarcoidosis (Baughman and Lower, 
1997). Other agents that antagonize TNF-a include thalidomide 
and infliximab (Remicade). None of these drugs have been sub¬ 
jected to controlled clinical trials, largely because of the low 
prevalence of patients with the relapsing or chronic form of 
sarcoidosis and, from the perspective of this chapter, the rar¬ 
ity of sarcoidosis-associated stroke syndromes. Nonetheless, it 
is reasonable to decrease sarcoidosis-associated inflammation to 
decrease stroke risk. What represents the best strategy is unknown, 
but anecdotal evidence suggests that concurrent use of cortico¬ 
steroids and adjunctive agents is a reasonable approach (Stern, 




Figure 12.4 a and b. CNS sarcoidosis. Stroke developed on prednisone 

10 mg/day. Note encasement of left ICA on MRI and abnormal ICA and ACA on 

MRA. 


2004). Because TNF-a plays a central role in both sarcoidosis- 
associated inflammation and inflammation-associated thrombo- 
genicity, it may be reasonable to consider agents that specifically 
decrease TNF-a activity. 

In those patients who have had an ischemic infarct that can be 
directly attributed to neurosarcoidosis, the question of acute treat¬ 
ment strategies and additional preventative regimens will arise. 
Are acute therapies such as intravenous thrombolytics using tis¬ 
sue plasminogen activator or intra-arterial lysis of fresh clot con¬ 
traindicated, given the underlying inflammatory process? What 
role do antiplatelet medications such as aspirin or clopidogrel play 
in these patients, if any? Should patients receive warfarin due to 
the association of exaggerated coagulation with cytokine produc¬ 
tion in sarcoidosis? Lastly, will the rapidly growing trend of stenting 
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Table 12.1 Selected cases of stroke or TIAs in neurosarcoidosis 
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-l-angiography 

symptoms at 





nodes 



4 weeks 

Brown etal., 

6 

25 

Black/M 

Lungs 

Recurrent CN VII 

-|-Kveim 

None Resolution 

1989 





palsy, numbness, 

+ACE 

of weakness at 






hemiparesis, 

+PFTs 

4 weeks 






hyperreflexia 

+bronchoscopy 
-Lung biopsy 

-CSF 


Sinovenous disease 







Akova etal., 

29 

35 

Asian/M 

Lungs, eyes 

Vision loss, gaze 

+CSF 

Steroids Ocular 

1993 





palsy, headache, 

+CT 

and systemic 






convulsions 

polydipsia, 

polyuria 

+MRI 

recovery 

Sethi etal., 

40 

43 

U/M 

None 

Aphasia, weakness, 

+CSF 

Steroids Resolution 

1986 





numbness, 

+CT 

of intracerebral 






incontinence, 

- 1 -cerebral angiography 

mass; cessation 






headache 

+Brain biopsy 

-EEG, CXR 

of TIA symptoms 

Intracranial hemorrhage 







Dakdouki 

25 

25 

Asian/M 

Lung, liver 

CN III, X palsies, 

+ACE 

Prednisone and 

etal., 2005 





headache, 

+CXR 

methotrexate 






diplopia, gait 

+BAL and bronchial 

Remission in 12 






disturbance 

biopsy 

+MRI brain 

months 

Berek etal., 

35 

35 

U/M 

None 

Blurred vision, 

+ACE in CSF 

Steroids. Complete 

1993 





bitemporal 

+VisuaI evoked 

recovery 






hemianopia 

potentials 








+CT 








+MRI 


Key: ACE, angiotensin-converting enzyme; BAL, bronchoalveolar lavage; CXR, chest x-ray; EEG, electroencephalogram; PFTs, pulmonary function tests; 

U, unknown. 









intra- or extracranial stenotic lesions benefit patients with large- 
artery granulomatous angiitis or cause more harm in patients who 
are already susceptible to vascular injury and may have compro¬ 
mised vascular integrity? 


These questions, although currently unanswered, will likely 
be the subject of further investigations, as more progress is 
being made in understanding the pathogenesis of neurosarcoido¬ 
sis and stroke. The authors have used antiplatelet agents as a 
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stroke-preventive strategy but have avoided thrombolytic inter¬ 
ventions. It is prudent to address all other applicable stroke risk 
factors to treat these patients. 

Prognosis 

There is significant variation in the morbidity and mortality of 
those persons affected with sarcoidosis. African Americans tend 
to be younger at the time of diagnosis, have increased rates of 
pulmonary involvement, and present with more severe disease. 
Children with sarcoidosis have the same organ involvement as 
adults but a more favorable prognosis. Spontaneous remission 
occurs in approximately two thirds of patients. Others have either 
a relapsing remitting course or a chronic progressive course, espe¬ 
cially patients with parenchymal brain and spinal cord disease 
and optic nerve involvement. Personal observations suggest that 
patients with large and small artery and sinovenous compromise 
have a guarded prognosis. 
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Figure 2.1 Low-powered view of the transverse section of superficial temporal Figure 2.3 Extensive scalp necrosis in a patient with biopsy-proven temporal 
artery with features of giant cell arteritis. There is a slit-like lumen (black arteritis. 

arrow) due to intimal swelling, with disruption of the internal elastic lamina (*) 
and scattered, multinucleated giant cells (white arrow). 





Figure 2.2 High-powered view of disrupted internal elastic lamina (white 
arrow), with multinucleated giant cell (block arrow). 


Figure 2.4 Ischemic optic neuropathy with a swollen, pale optic disc and 
extensive pallor of the adjacent choroid. 










Figure 2.5 Large embolus in the central retinal artery (arrow). 


Figure 12.1 Photomicrograph of a frontal lobe biopsy specimen at 200 
magnification showing perivascular lymphocytes and a collection of epithelioid 
histiocytes (i.e. granuloma). [Courtesy of Dr. Rudy Castellani, Dept, of Pathology 
at University of Maryland School of Medicine.] 


Figure 12.2 Photomicrograph of a temporal lobe biopsy at 60 magnification 
showing perivascular Virchow-Robin space infiltration by lymphocytes and one 
well-formed granuloma. [Courtesy of Dr. Rudy Castellani, Dept, of Pathology at 
University of Maryland School of Medicine.] 


Figure 12.3 Photomicrograph at 60 magnification showing leptomeningeal, 
perivascular lymphocytic, and granulomatous infiltration, with gliosis of the 
molecular layer of the neocortex. [Courtesy of Dr. Rudy Castellani, Dept, of 
Pathology at University of Maryland School of Medicine.] 










Figure 15.2 CT cerebral angiogram in patient with HIV-associated vasculopathy 
with fusiform dilatation of the right distal supradinoid internal carotid (bottom 
arrow) and proximal Ml and A1 segments of the right middle and anterior 
cerebral artery (top left arrow). There is a postdilatation stenosis and occlusion 
of the right anterior cerebral artery (top right arrow). 




Figure 21.3 Funduscopic findings of a patient with PXE. Angioid streaks (arrow 
heads) radiating from the optic disk and mottling of the temporal retina are 
conspicuous. Angioid streak represents the rupture of Bruch's membrane. 
Notice the development of choroidal neovascular membrane (arrows) 
secondary to angioid streak. (Image courtesy of Professor Se Woong Kang, MD, 
Sungkyunkwan University School of Medicine, Seoul, Korea.) 



Figure 19.1 Abnormal conjunctival vessels in a man with Fabry's disease. 
(Courtesy of Dr. Alan H. Friedman, M. D., Department of Ophthalmology, The 
Mount Sinai School of Medicine). 














Figure 27.2 A 53-year-old man presenting with posterior inferior cerebellar artery infarct related to vertebral artery fusiform aneurysm: 
vertebral arteriogram and intraoperative photograph demonstrating obliteration of aneurysm and preservation of vertebral artery lumen with 
three fenestrated clips placed in a "picket-fence" fashion. 



Figure 32.1 WMS. A. Fundus photograph of the right eye shows tortuous arteriovenous anastomoses centered over the optic disc and extending to the equator of 
the eye. B. Fundus photograph of the left eye is normal. C. T2-weighted axial MRI with fat suppression shows flow voids in the right basal ganglia and thalamus, 
consistent with a large AVM. D. Enhanced Tl-weighted axial MRI shows high signal in areas of anomalous vessels. E. Three-dimensional reformatted magnetic 
resonance angiogram, viewed from above, shows an AVM. (Reprinted with permission from Reck, S. D., Zacks, D. N., and Eibschitz-Tsimhoni, M. 2005. Retinal and 
intracranial arteriovenous malformations: Wybum-Mason syndrome. J Neuro-Ophthalmol, 25, 205-8.) 





/ 
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Figure 37.1 a and b. Interstitial keratitis in Cogan's syndrome. Slit-lamp 
examination showing corneal stromal opacities. 
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Figure 43.3 Muscular biopsy of Patient 6, 2004, Lausanne. Hematoxylin and 
eosin staining shows typical inflammation of a small-sized artery, with 
perivascular inflammation (A). Staining for CD3 confirms T lymphocytes 
infiltration (B). Staining for CD20 shows B lymphocyte infiltration (C). Figures 
courtesy of Prof. R.Janzer, Department of Pathology, Lausanne. 









Figure 43.4 Microscopic examination of cerebral arteries of Patient 1, 1982, 
Lausanne (Van Gieson-Luxol), showing arterial wall fibrosis ( purple-red) of 
arterioles and small arteries with fibrosis of the media and adventitia (full 
arrow). Two small venules ( arrowhead) are normal. (Reichhart et al., 2000) 





Figure 50.1 Nonbacterial thrombotic endocarditis in patients with 
adenocarcinoma of the lung. 


Figure 56.1 (a and b) Livedo racemosa involving the buttocks, feet, and lower 
legs in two SS patients. (Courtesy of Prof. J.-M. Naeyaert, Ghent University 
Hospital.) 













Figure 60.15 Ultrasound in internal carotid artery dissection. 


Figure 68.6b Actual postmortem of woman who died of eclampsia. Note the 
small petechial hemorrhages at the gray-white junction. From Digre et ai, 
1993 with permission. Copyright © 1993, American Medical Association. All 
rights reserved. 


Figure 70.1 (a) Hematoxylin and eosin staining showing lymphocyte 
accumulation in small to medium-sized vessels in the brain, (b) Higher power 
hematoxylin and eosin staining showing lymphocyte accumulation in small to 
medium-sized vessels in the brain. 


Figure 70.2 The tumor cells within the vessels stain with B-cell marker CD20. 
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KAWASAKI DISEASE: CEREBROVASCULAR 
AND NEUROLOGIC COMPLICATIONS 

Jonathan Lipton and Michael J. Rivkin 


Introduction 

Kawasaki (1967) first described the "mucocutaneous lymph node 
syndrome’’ that now bears his name. Kawasaki disease comprises a 
usually self-limited, necrotizing, panvasculitis that affects vessels 
of the entire body, most notably, the coronary arteries. Vessels of 
the nervous system can also be affected, although the aneurysms 
that ravage the coronary vessels have only rarely been described 
in the brain (Amano and Hazama, 1980; Amano et al., 1979b; Bell 
etal., 1983; Ferro, 1998; Morens and O’Brien, 1978). The diagnosis 
and treatment of Kawasaki disease has advanced with concomi¬ 
tant improvement in prognosis. However, the cause of the disease 
remains unknown. Neurological signs and symptoms are com¬ 
mon in Kawasaki disease and most often include aseptic menin¬ 
gitis, encephalopathy, and sensorineural hearing loss. Stroke has 
been described but is extremely rare. The long-term neurological 
sequelae of Kawasaki disease have not been fully determined. 

Etiology 

The etiology of Kawasaki disease is unknown although an infec¬ 
tious agent has long been suspected based on available epidemi¬ 
ologic evidence (Burns et al., 2000; Shulman and Rowley, 1997; 
Yanagawa et al., 2001, 2006). The disease tends to occur in local¬ 
ized epidemics, and the incidence of disease among family mem¬ 
bers significantly surpasses that of the general population. Further 
support for the infectious hypothesis derives from the observation 
that the disease has not been observed in neonates and only rarely 
in adults, thus, suggesting universally acquired immunity and the 
passive transfer of protective maternal antibodies against a ubiq¬ 
uitous transmissible agent. Finally, recurrence is unusual, arguing 
against an autoimmune process. 

Kawasaki disease occurs in all races, but individuals of Asian 
descent have repeatedly been shown to be more susceptible, irre¬ 
spective of either their geographic origin or location. As a result, 
many have considered that this suggests a genetic predisposition 
to Kawasaki disease in this population (Bell etal., 1983; Kawasaki, 
1967; Kawasaki etal., 1974; Morens and O’Brien, 1978; Newburger 
etal., 2004b; Shulman and Rowley, 1997; Yanagawa etal., 2006). 

Epidemiology 

About 80% of instances of Kawasaki disease occur in children 
younger than 5 years, and most affected children are younger than 
2 years at time of diagnosis. Rare occurrences of Kawasaki disease 


have been reported in adolescents and adults (Jackson etal., 1994; 
Rauch, 1989). Boys are affected 1.5 times more often than are girls; 
this sexually dimorphic pattern of disease prevalence further sug¬ 
gests an underlying genetic influence on disease susceptibility. 

Death due to Kawasaki disease occurs as a result of myocardial 
infarction or sudden unexplained cardiac death. The estimated in- 
hospital case fatality rate in the United States is 0.17%, virtually all 
the result of cardiac disease (Chang, 2002). Sudden death has been 
reported even years after disease remission in children who had 
a significant burden of coronary disease or myocardial infarction 
prior to symptom resolution (Newburger etal., 2004b). 


Pathogenesis 

Kawasaki disease is classified as a systemic panvasculitis of 
medium-sized vessels (Dillon and Ozen, 2006). The observed 
necrotizing endarteritis in Kawasaki disease has often been com¬ 
pared to the infantile form of polyarteritis nodosa. Kawasaki 
disease and infantile polyarteritis nodosa are pathologically and 
clinically similar. Polyarteritis nodosa is characterized by skin 
biopsy-proven endarteritis, and at least two of the following: myal¬ 
gia, systemic hypertension, testicular pain or tenderness, livedo 
reticularis, or subcutaneous nodules (Dillon and Ozen, 2006; Ozen 
etal., 2006). Peripheral nervous system involvement in polyarteri¬ 
tis nodosa is present in about 70% of patients. In contrast to that in 
Kawasaki disease, the clinical course in polyarteritis nodosa tends 
to be chronic. 

Although involvement of the intracranial vasculature has been 
shown in Kawasaki disease, it is infrequendy described in the 
literature due to the low mortality rate of this disorder. The 
most complete neuropathological evaluations were performed on 
autopsy specimens of patients severely affected with coronary dis¬ 
ease, all of whom died from cardiac death (Amano and Hazama, 
1980; Amano etal., 1979b). In these patients, carotid disease was 
observed in 79%, and involvement of the aorta was seen in 75%. 

Several stages of vascular involvement have been described. 
First, the arterial lesions are characterized by endothelial cell 
degeneration and hyperplasia with fibrin mass, platelet depo¬ 
sition, and swelling of the internal elastic lamina. Necrotizing 
panarteritis develops next, characterized by predominant lym¬ 
phocytic infiltration with desquamation and degeneration of 
the endothelium. Eventually, granulation and scar formation 
develop in the vessel wall. These developments are the hypothe¬ 
sized harbingers of vascular aneurysm development. When these 
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aneurysms develop, they are located in the coronary arteries, most 
often in the main coronary artery (Amano etal., 1979a). 

Neuropathology from children with prominent CNS involve¬ 
ment demonstrates swollen, edematous brain with dilation of 
subarachnoid vessels and thickening of the leptomeninges. The 
meninges were infiltrated with lymphocytes and mononuclear 
cells. Necrosis within the brain parenchyma with a “spongy" 
quality has been described (Amano et al., 1980). Infiltration of 
the parasympathetic ganglion with atrophy, inflammation, and 
degeneration has also been described (Amano and Hazama, 1980). 

Clinical manifestations and diagnosis 

Patients are almost always children younger than five years 
who present with unexplained sustained high fever, polymor¬ 
phous rash, mucous membrane inflammation, conjunctivitis, 
acral extremity changes (particularly of the fingers), and cer¬ 
vical adenopathy. Fully, 15-20% of untreated patients develop 
aneurysms of the coronary vessels (Amano et al. } 1979a, 1979b; 
Newburger et al., 2004b). These complications of Kawasaki dis¬ 
ease constitute one of the most intensively studied aspects of the 
disorder and remain a leading cause of cardiac death in children 
(Newburger etal., 2004b). 

There is no definitive diagnostic test for Kawasaki disease. Diag¬ 
nosis is clinically based on evolving diagnostic criteria (Newburger 
etal., 2004b). Four of the following five criteria must be met after 
establishing the persistence of fever for 5 consecutive days: bilat¬ 
eral conjunctivitis, changes in mucous membranes, peripheral 
edema and/or erythema and/or periungual desquamation, poly¬ 
morphous rash, and cervical adenopathy (Burns etal. , 2000; Dajani 
etal., 1993; Dillon and Ozen, 2006; Mason and Burns, 1997;Morens 
and O'Brien, 1978; Newburger etal., 2004b; Ozen etal., 2006). 

Natural history 

The acute phase of illness is heralded by an erratic, high fever that 
may be prolonged (up to 3 or 4 weeks) while remaining unrespon¬ 
sive to antipyretics or antibiotics (Kawasaki, 1967; Kawasaki etal., 
1974; Newburger et al., 2004a, 2004b). A non-exudative conjunc¬ 
tivitis appears within the first 48 hours of fever. Erythema of the 
oral mucosa with cracking of the labial, buccal, and pharyngeal 
mucosa is frequent. Prominent involvement of the vallate papillae 
of the tongue creates the classically described “strawberry tongue,” 
also seen with scarlet fever. Confluent, erythematous lesions of the 
palms and soles, perineal area, and prominent, painful swelling 
of the hands and feet are common. Finally, cervical adenopathy 
featuring nodes 1.5 cm or larger can be found, often in a unilat¬ 
eral array. Acute cervical lymphadenopathy occurs in 50-75% of 
patients. Because these symptoms are shared by other viral exan¬ 
thems of childhood, diagnosis can be challenging, especially in 
the youngest children in whom viral syndromes or meningitis is 
often suspected at presentation. 

Other manifestations of Kawasaki disease appear later. Coro¬ 
nary artery aneurysms are usually detected days to weeks after 
symptom onset but may also be present during the acute phase. 
Most patients have some degree of left ventricular dysfunction 


(Mason, 1997). Later in the convalescent period, subungual mem¬ 
branous desquamation occurs. Transverse grooves in the finger¬ 
nails, known as “Beau’s lines,” can be seen 1-2 weeks after fever 
initiation and are thought to be the manifestation of arrested nail 
growth during the acute phase of disease. 

Many laboratory abnormalities have been reported in Kawasaki 
disease including thrombocytosis, elevation in liver enzymes, 
and alteration in lipid profile. Specifically, there is a depression 
in plasma total cholesterol and high-density lipoprotein (HDL) 
cholesterol with a concomitant elevation in triglycerides (New¬ 
burger et al., 1991a). The relevance of these findings to the inci¬ 
dence of neurological sequelae and stroke in Kawasaki disease 
patients is unknown. 

Neurology of Kawasaki disease 

Although neurological symptoms at presentation are varied, a 
mild encephalopathy in young children with fever and irritabil¬ 
ity sometimes occurs and may mimic viral meningitis (Newburger 
et al., 2004b). Aseptic meningitis is estimated to occur in 30-50% 
of Kawasaki disease patients, most often during the first 30 days of 
illness (Amano and Hazama, 1980; Amano et al., 1980; Kawasaki, 
1967; Kawasaki et al., 1974). One retrospective study found cere¬ 
brospinal fluid (CSF) pleocytosis in 39% of patients with a median 
white blood cell count of 22.5/mm 3 , featuring a monocytosis. 
CSF glucose was less than 45 mg/dL in 2.2%, and CSF protein 
was “elevated” in 17.4% (Dengler etal., 1998). We could find only 
one reported case of focal neurological symptoms described as 
the presenting feature of Kawasaki disease (Table 13.1). Tabarki 
et al. (2001) reported a 4-year-old child who had a febrile ill¬ 
ness with coronary aneurysms who developed hemiparesis and 
at subsequent follow-up had persistent myoclonic seizures and 
autistic features. The etiological relationship between the patient’s 
Kawasaki disease and the neuropsychiatric morbidity is unclear in 
this patient. 

Other neurological complications of Kawasaki disease include 
myositis, peripheral facial palsy, hearing loss, subdural hemorrh¬ 
age, ischemic stroke, moyamoya disease, and seizures (Amano and 
Hazama, 1980; Bailie etal., 2001; Fujiwara etal., 1992; Knott etal., 
2001; Koutras, 1982; Lapointe et al., 1984; Laxer et al., 1984; Suda 
etal., 2003; Tabarki etal., 2001; Tanaka etal., 2007; Templeton and 
Dunne, 1987; Terasawa et al.. 1983; Wada etal., 2006). Overall, neu¬ 
rological symptoms other than mild encephalopathy are uncom¬ 
mon and their long-term sequelae poorly understood. There have 
been few systematic studies concerning nervous system involve¬ 
ment in Kawasaki disease. The largest of these is a Japanese study 
in which focal neurological deficits were reported in6of540(l.l%) 
patients. Two of these children had hemiplegia, and four had lower 
motor neuron facial palsy. In the two former cases, hemiplegia 
developed in a distribution consistent with stroke; however, no evi¬ 
dence of infarction was disclosed on neuroimaging in either case. 
One patient showed only mild ventriculomegaly and enlargement 
of the extra-axial spaces; arteriography did not show aneurysms 
in either the carotid or vertebral arterial systems. The hemipare¬ 
sis completely resolved in both patients when seen at follow-up 
2 months later (Table 13.1) (Terasawa etal., 1983). 
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Table 13.1 Case reports of hemiparesis or stroke in children with Kawasaki disease 



Reference 

Age/Sex 

(;in 

months) 

Symptoms 

Imaging Findings 

CAA Present 

Outcome 

Hosaki etal., 1978 

4/M 

HP 

Occlusion of MCA 

Yes 

Myoclonic seizures 

Lauret etal., 1979 

60/F 

HP, 

hemianopsia 

Right ICA occlusion 

NA 

NA 

Terasawa et al., 1983 

24/F 

HP 

Extra-axial space and 
ventricular enlargement 

Yes 

HP resolved at 2 mo 

Terasawa et al., 1983 

5/M 

HP 

Increased extra-axial 

spaces 

Yes 

HP resolved at 1 mo 

Boespflug etal., 

1984 

9/F 

HP 

NA 

Yes, MI 

NA 

Lapointe etal., 1984 

4/M 

Seizure, HP 

MCA branch occlusion. 

Yes 

11-mo follow-up angio 

recanalization of occluded 

MCA branches 

Mild left HP at age 5 y 

Laxer etal., 1984 

26/F 

Seizure, HP, 
hemianopsia 

MCA branch, low flow 

Yes 

Choreo-athetosis of right arm, 
mild spastic HP at 5 y of age 

Laxer etal., 1984 

5 

HP, seizure 

Right MCA branch 

occlusion 

Yes 

Left HP at 5 y, cognitive delay 

Templeton and 

Dunne, 1987 

6/NA 

HP 

MCA infarction (total) 

Yes, with mural 

aneurysm 

Sudden death 1 d post 
presentation 

Fujiwara et al., 1992 

22/M 

Asymptomatic 

Right caudate, putamen 

infarction 

Yes, giant 

NA 

Tabarki etal., 2001 

48/F 

Seizure, HP 

Normal MRI at 

presentation 

Diffuse atrophy at 12 mo 

Yes 

Hemiparesis resolved by 3 mo. 

At 12 mo, autistic features 

noted; seizures, bilateral 
sensorineural hearing loss 

Suda etal., 2003 

8/M 

HP 

CT/NA 

Yes 

NA 

Wada etal., 2006 

36/M 

HP, “motor 

aphasia” 

MRI:T2 hyperintensity in 
area of posterior branch 

left MCA 

No vessel imaging 
reported 

No 

Complete recovery at 12 mo 

Muneuchi etal., 

2006 

48/M 

Asymptomatic 

Likely cerebellar 
hemispheric infarct with 

absence of PICA flow 

void on MRA 

Yes 

NA 


Key: HP, hemiparesis; MCA, middle cerebral artery; ICA, internal carotid artery; CAA, coronary artery aneurysm; MI, myocardial infarction; NA, not 
available; PICA; MRA, magnetic resonance angiography. 


Stroke 


Although stroke in patients with Kawasaki disease has not been 
methodically studied, several reports exist of hemiparesis in chil¬ 
dren diagnosed with Kawasaki disease, some of which include 
angiographically diagnosed vascular lesion(s) (see Table 13.1) 
(Beiser et al., 1998; Boespflug et al., 1984; Fujiwara et al., 1992; 
Hosaki et al., 1978; Lapointe el al., 1984; Laxer et al. } 1984; Lauret 
era/., 1979; Muneuchi era/., 2006; Suda era/., 2003; Tabarki era/., 
2001; Templeton andDunne, 1987; Terasawa era/., 1983). In virtu¬ 
ally all patients, coronary aneurysms were present. Importantly, 


cerebral aneurysms have not been detected despite the occur¬ 
rence of coronary aneurysms and, in some patients, aneurysms 
elsewhere in the vascular tree (Lapointe et al., 1984). The rea¬ 
son for the apparent sparing of the cerebral vasculature from 
aneurysm formation in Kawasaki disease is unknown. One iso¬ 
lated report describes a child with a history of Kawasaki dis¬ 
ease who developed a noncongenital posterior cerebral artery 
aneurysm with subsequent postoperative stroke. However, it 
is uncertain whether the occurrence of Kawasaki disease con¬ 
tributed to the aneurysm discovered years later (Tanaka et al., 
2007). 
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One group posits that changes in cerebral perfusion may exist in 
patients without signs, symptoms, or neuroradiological evidence 
of infarction (Ichiyama etal., 1998). This limited prospective study 
of brain perfusion characteristics in acute Kawasaki disease using 
single photon emission computed tomography showed localized 
hypoperfusion in 6 of 21 (28.6%) neurologically asymptomatic 
children (Ichiyama et al., 1998). One patient had transient mitral 
regurgitation on echocardiography, whereas the remainder of the 
group had neither cardiac lesion nor dysfunction. Despite the find¬ 
ing of diffuse hypoperfusion, no angiographic data that support 
an underlying vascular etiology could be found. Our review of the 
literature reveals no report of stroke in Kawasaki disease patients 
in whom MRA or conventional angiogram showed vascular lesions 
typical of a diffuse CNS vasculopathy such as primary CNS angiitis 
(Benseler etal., 2006). Further investigation is needed. 

There are two case reports of asymptomatic brain infarction in 
children with Kawasaki disease (Fujiwara et al., 1992; Muneuchi 
et al., 2006). Coronary artery aneurysms were identified in both 
patients. These reports raise the important possibility that neu¬ 
rologic sequelae (stroke specifically) may be underestimated in 
Kawasaki disease. Most Kawasaki disease patients with hemipare- 
sis also developed coronary aneurysms regardless of the presence 
of documented brain infarction. This association suggests that the 
mechanism of stroke in these patients may be related to the con¬ 
comitant presence of heart disease. Thus, thorough clinical neu¬ 
rological investigation of all patients with coronary involvement 
is recommended. Whether coronary involvement might predict 
cerebrovascular involvement has not been formally studied. 

The long-term neurological outcome of most patients with 
Kawasaki disease and hemiparesis and/or stroke has been favor¬ 
able. Few of the patients in the available literature had neurologi¬ 
cal and/or developmental symptoms at follow-up visits. This has 
not been formally studied, however, and the true developmen¬ 
tal prognosis of children with Kawasaki disease (with or without 
neurological symptoms) is unknown. 


Treatment 

Early attempts to treat Kawasaki disease focused on the use of 
aspirin, glucocorticoids, and immune modulators such as aza- 
thioprine. The demonstration by one study of increased cardiac 
morbidity associated with the use of steroids has led to the dis¬ 
continuation of use of this agent in routine management (Kato 
etal., 1979). Furthermore, a trial of pulsed methylprednisolone in 
addition to intravenous gamma globulin demonstrated no addi¬ 
tional benefit to intravenous gamma globulin alone (Newburger 
etal., 2007). 

Currently, high-dose intravenous gamma globulin, given as a 
single dose (2 g/kg), has had the greatest impact on the treatment 
of Kawasaki disease (Newburger etal., 1986,1991b). This regimen 
replaced 0.4 g/kg for four consecutive days (Furusho et al., 1984; 
Newburger et al., 1986). High-dose intravenous gamma globulin 
reduces the incidence of coronary artery aneurysms by more than 
75%, including a reduction in the incidence of giant aneurysms 
(those > 8 mm in diameter) (Sundel and Newburger, 1997). High- 


dose intravenous gammaglobulin with aspirin (see below) reduces 
the incidence of coronary aneurysms to about 5%. 

There is a single case report of brain infarction attributed to 
high-dose intravenous gamma globulin therapy in a patient with 
Kawasaki disease, but no angiography was performed to con¬ 
firm vascular occlusion (Table 13.1) (Wada et al., 2006). The 
authors hypothesized that high-dose intravenous gamma globulin 
resulted in increased blood viscosity, increased thrombin produc¬ 
tion due to contamination by factor XI, or direct toxicity to the 
vascular endothelium. The case was potentially confounded by a 
history of Varicella infection - a well-documented cause of cere¬ 
bral arteriopathy in children (Alehan et al., 2002; deVeber et al., 
2000; Takeoka and Takahashi, 2002). 

Aspirin (3-5 mg/kg/day) is still a mainstay of therapy in the acute 
phase of illness for its anti-inflammatory effects, but it has no effect 
on incidence of coronary artery aneurysm (Israels and Michelson, 
2006; Sundel and Newburger, 1997) .After 6-8 weeks, if no coronary 
abnormality is evident, aspirin is discontinued. When coronary 
artery aneurysm is found, aspirin treatment is continued although 
the duration of therapy has not been determined with certainty. 
When giant aneurysms are present, aspirin is often accompanied 
by an anticoagulant. Increased awareness of Kawasaki disease and 
early use of high-dose intravenous gamma globulin have reduced 
the frequency with which the full spectrum of disease is seen. 
Often the presence of persistent fever combined with appearance 
of coronary aneurysms is sufficient to diagnose Kawasaki disease 
for implementation of therapy (Newburger etal., 2004b). 

Conclusion 

Kawasaki disease remains one of the most important causes of 
vasculitis and cardiac death in children. Its cause has eluded iden¬ 
tification, and there is still no definitive diagnostic test. Clinical 
acumen remains the main diagnostic tool. Serious neurological 
complications are rare but do occur. Our review of the current lit¬ 
erature suggests that stroke, and specifically asymptomatic brain 
infarction, may be more common than now recognized, especially 
in patients with coronary artery abnormalities. Thorough clinical, 
neuroradiological, and neuropsychological assessments of these 
patients are indicated to gain a full appreciation of the nervous sys¬ 
tem involvement and the long-term neurodevelopmental seque¬ 
lae resulting from this disease. 
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CEREBROVASCULAR PROBLEMS IN CHAGAS' DISEASE 

Ayrton Roberto Massaro 


It is clear that the basic epidemiological fact of the disease is constituted 
by an insect, a constant companion of men in their houses, and thus 
easily vulnerable to destruction.... Sanitary measures in this sense, 
especially improvement of the living conditions, would certainly 
represent an administrative act of major importance. 

Carlos Chagas 


Introduction 

American trypanosomiasis or Chagas’ disease was discovered in 
1909 and gradually revealed to be widespread throughout Latin 
America, affecting millions of people with a high impact on mor¬ 
bidity and mortality (Schoheld et al, 2006). By 1960, the first 
World Health Organization (WHO) Expert Committee meeting on 
Chagas' disease estimated global prevalence of the infection to be 
seven million people. By the end of the 1980s, data from serological 
surveys showed that there were 16-18 million people infected with 
Chagas’ disease. After the Southern Cone Initiative (the Disease 
Control Priorities Project of the National Institutes of Health and 
the World Bank), the prevalence was estimated at 9.8 million peo¬ 
ple (Schofield et al, 2006). 

Chagas’ disease is caused by Trypanosoma cruzi, a parasite that 
shares some epidemiological features with other pathogens that 
cause latent illness. Geographical strain differences result in dis¬ 
tinct tissue tropism virulence and clinical manifestation. From an 
epidemiological classification, T. cruzi II is the agent of Chagas’ 
disease in the southern cone countries of South America, whereas 
T. cruzi I is endemic in northern South America and Central 
America, where chronic Chagas’ disease is said to be more benign 
(Miles era/., 2003). 

Historical background 

The use of a DNA probe targeting a segment of T. cruzi DNA 
extracted from nearly 300 Andean mummified human soft tis¬ 
sues has reconstructed the action of Chagas’ disease among entire 
ancient populations in the Andean area (Aufderheide era/., 2004), 
but the breakthrough regarding this disease started when the 
Brazilian Government tried to connect Belem (city in the extreme 
north of the country) to Rio de Janeiro, and the construction 
was stopped in the state of Minas Gerais due to a malaria epi¬ 
demic that occurred among the railroad workers. Then, Carlos 


Chagas was sent to a city called Lassance and noticed the existence 
of hematophagus insects that, because of their typical behavior 
of biting persons on the face during the night, were known as 
“barbeiros” (“barbers”) or “kissing bugs" (Morel, 1999). In 1909, 
he discovered the acute disease in a young girl, Berenice. 

Unfortunately after the first published report in 1909, there was 
an extensive dispute about whether the discovery was important 
or even true. The arguments at that time contributed to the suc¬ 
cessive denial of a well-deserved Nobel Prize in recognition of 
Carlos Chagas’ outstanding and remarkable studies (Coutinho 
etal., 1999). 

Transmission of Trypanosoma cruzi 

Trypanosoma cruzi is transmitted to humans by triatomine bugs, 
large bedbugs that deposit feces on the mucous membranes or 
scraped skin while they bite. These triatomine insects are known 
popularly in the different countries as “vinchuca,’’ “barbeiro," and 
“chipo” (Miles etal., 2003). When people rub the bite wound and, 
subsequently, their eyes or mouth, the feces, which contain the 
parasite, enter the bloodstream (Miles etal., 2003). Chagas’ disease 
can also be transmitted during pregnancy and via infected blood 
transfusions or organ transplants (Pirard etal., 2005). Occasionally, 
adult triatomine bugs contaminate palm juice presses or other 
foods, causing orally transmitted outbreaks (Cardoso etal., 2006). 

The transmission cycles of T. cruzi by vectors are complex. More 
than 130 species of triatomine insect are known, most of them 
confined to the Americas. A few triatomine species have adapted 
to colonize and thrive in houses, where they transmit T. cruzi to 
humans and domestic animals, such as dogs or cats (Miles et al., 
2003). Triatoma infestans, which is found in South American coun¬ 
tries, has spread far beyond its initial silvatic habitats, and is exclu¬ 
sively domestic or peridomestic throughout most of its geographic 
range. Domestic and silvatic transmission cycles in a given locality 
can be considered as separate or overlapping based on the degree 
of interaction between them. 

Owing to a huge migratory movement inside some endemic 
countries (like Brazil), mortality from Chagas’ disease occurs even 
in regions classified as free of vector transmission. The emigra¬ 
tion of Latin Americans to more developed countries has also 
raised concerns regarding a possible increased risk of transfusion- 
transmitted T. cruzi in the developed world. It may account for the 
estimated 100 000 or more chronically infected persons now liv¬ 
ing in the United States (Kirkchoff, 1993) and more than a dozen 
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transfusion- and transplantation-associated cases in the United 
States, Canada, and countries in Europe, which do not screen 
donors serologically for Chagas’ disease (Maguire, 2006). 

Epidemiological strategies to control 
Chagas' disease 

Chagas’ disease is a disease of poverty and international neglect. 
Efforts to eradicate triatomines persist, but pesticide adminis¬ 
tration appears to be largely ineffective. Treatment is toxic and 
resource-intensive and people can be re-infected. 

The main control strategy relies on prevention of transmission 
by eliminating the domestic insect vectors and controlling trans¬ 
mission by blood transfusion. A national control program only 
began to be implemented after the 1970s, when technical ques¬ 
tions were overcome and the scientific demonstration of the high 
social impact of Chagas’ disease was used to encourage national 
campaigns (Dias ef al. , 2002). Recently, the Intergovernment Com¬ 
mission of the Southern Cone Initiative against Chagas’ disease 
declared Brazil to be free of Chagas’ disease transmission due to 
T. infestans (Schofield ef al., 2006). Because the rate of new 
infection has declined over such substantial areas, the preva¬ 
lence has been progressively reduced to a current 9.8 million 
people infected. However, it is less clear whether interventions 
should also be considered against silvatic populations (Pinto ef al., 
2004). 

General clinical features of Chagas' disease 

Chagas’ disease progresses in stages, most patients being infected 
during childhood (Punukollu ef al, 2007). In the acute phase, fol¬ 
lowing the infection, there are no helpful signs and symptoms 
other than fever, myalgias, sweating, hepatosplenomegaly, and 
swollen lymph glands. At the site of exposure to infected bug feces 
an initial lesion may occur, and T. cruzi may multiply locally, giv¬ 
ing rise to unilateral conjunctivitis and edema (Romana’s sign) 
or to a cutaneous chagoma (Punukollu ef al., 2007). However, 
the initial acute phase of infection is usually asymptomatic and 
unrecognized, although trypanosomes maybe detectable in blood 
by microscopy. There is intense parasitism noted on microscopic 
examination in most of the organs. Cardiac involvement is present 
in more than 90% of cases, although diagnosis is established in less 
than 10% of cases, due to mild symptoms. Laboratory findings are 
nonspecific and include leukocytosis with an absolute increase 
of lymphocyte count. Electrocardiography may show low voltage, 
diffuse ST-T changes, and various conduction abnormalities. Sero¬ 
logic tests for T. cruzi infection are usually negative during the first 
weeks, but the circulating parasite can be detected by xenodiag- 
nosis, an-early stage diagnostic tool achieved by exposing a pre¬ 
sumably infected individual or tissue to a clean, laboratory-bred 
bug and then examining the vector for the presence of T. cruzi. 
A reactivated acute phase can occur in immunocompromised 
patients. Both immunocompromised and congenital cases maybe 
associated with meningoencephalitis, which has a poor prognosis 
(Sartori ef al., 2007). 


After initial infection, the transient parasitemia resolves and 
the asymptomatic indeterminate stage begins, which may last for 
many years. During this phase, the patient remains asymptomatic 
with positive serology and no physical signs or clinical evidence of 
organ involvement. Much later, in a proportion of infected people, 
the disease manifests with cardiac (cardiac dilatations, arrhyth¬ 
mias, and conduction abnormalities) and/or intestinal (megae¬ 
sophagus, megacolon) involvement. 

Chagas' cardiomyopathy 

Despite the effective public health measures in combating vecto¬ 
rial and blood transfusion transmission, there is still a significant 
number of people in Latin America with Chagas’ cardiomyopathy; 
therefore, it should remain one of the leading causes of heart 
failure for the next few years. Patients with Chagas' cardiomyopa¬ 
thy have usually had a lower level of education than have persons 
with other cardiomyopathies (Braga et al., 2006). In addition, 
a higher frequency of family history of Chagas’ disease links 
this disease to the socioeconomic status of the population 
affected. 

Chagas’ cardiomyopathy has been considered a type of dilated 
cardiomyopathy (Braga et al., 2006). Involvement of the auto¬ 
nomic nerves that supply the heart is considered the major cause 
of the myocardiopathy rather than direct infection of the heart 
muscle by parasites. Symptoms and physical signs of Chagas’ car¬ 
diomyopathy arise from heart failure, cardiac arrhythmias, and 
arterial thromboembolism. Atypical chest pain is common in 
patients with Chagas’ cardiomyopathy. Heart failure caused by 
Chagas’ cardiomyopathy is the most frequent and severe clini¬ 
cal manifestation of chronic Chagas’ disease, and is associated 
with poor prognosis and high mortality rate. Cardiac arrhyth¬ 
mias may cause palpitations, lightheadedness, dizziness, and 
syncope. Autonomic dysfunction results in marked heart rate 
abnormalities, especially bradycardia. Sudden death is an occa¬ 
sional complication that may be precipitated by exercise and 
can be explained by ventricular tachycardia or fibrillation or 
complete heart block. Mural thrombi form in cardiac cham¬ 
bers and may result in systemic emboli. Stroke is the most 
important complication of embolism in Chagas’ cardiomyopa¬ 
thy and may be found in 19% of those patients (Braga et al., 
2006). 

Diagnostic tests for Chagas' disease 

There is no straightforward diagnostic test for Chagas’ disease. 
In the acute phase, diagnosis is established by demonstration of 
the parasite in the blood, by direct examination, or after hemo- 
concentration or xenodiagnosis. The diagnosis of chronic Chagas’ 
disease is routinely achieved with methods that detect circulat¬ 
ing antibodies that bind to T. cruzi antigens. The most commonly 
used test is based on complement fixation, immunofluorescence, 
or enzyme-linked immunofluorescence assays. Chagas’ disease 
can be diagnosed with greater sensitivity by the detection of 
T. cruzi- specific sequence of DNA. 
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Specific treatment options for Chagas' disease 

Nifurtimox and benznidazole are specific therapy to treat Chagas’ 
disease during the acute phase, irrespective of the mechanism 
of transmission and when reactivation of chronic disease occurs 
during immunosuppressive conditions. Neither drug is effective 
after the disease has progressed to the chronic stage. There is 
no definitive evidence that these drugs cure the cardiac disease. 
A systematic review from the Cochrane database detected only 
a few trials that allocated patients with chronic Chagas’ disease 
without symptomatic cardiac Chagas’ to trypanocidal treatments 
given for at least 30 days at any dose. Parasite-related outcome was 
improved, but no hard clinical outcome changes were reported in 
any of these trials (Villarefa/., 2002). New target interventions may 
develop after the recent genome sequence of T. cruzi (El-Sayed 
etal., 2005). 

Prognosis of Chagas' disease 

Death in Chagas’ disease is predominantly cardiovascular. The 
mechanism of cardiovascular death is either an arrhythmic event 
(often ventricular fibrillation), a nonarrhythmic episode such as 
severe congestive heart failure, or an embolic episode. Noncar- 
diovascular causes consist of complications of megaesophagus 
and megacolon. Sudden death in Chagas’ disease occurs mainly 
between 30 and 50 years of age, being uncommon after the sixth 
decade of life, and predominates in men (Bestetti etal., 1993). 

Prognosis of Chagas' cardiomyopathy 

In a longitudinal, case-control follow-up study carried out in 
endemic areas over a period of 10 years, more than one third of 
patients with chronic Chagas’ disease developed clinical or elec¬ 
trocardiographic deterioration (Coura etal., 1985). Some epidemi¬ 
ological studies showed that male gender was associated with a 
poorer prognosis of Chagas’ cardiomyopathy and a more severe 
progression (Basquiera etal., 2003). The ejection fraction has been 
shown to be an effective predictor of survival in patients with 
Chagas' cardiomyopathy (Mady et al., 1994). In addition, the prog¬ 
nosis of patients with heart failure due to Chagas’ cardiomyopathy 
in functional class III and IV is worse than that of patients with 
functional class III and IV with idiopathic, ischemic, or hyperten¬ 
sive heart disease (Freitas etal., 2005). 

Rassi etal. (2006) reported their evaluation of 424 patients with 
known Chagas’ cardiomyopathy in an attempt to devise a risk score 
to predict the likelihood of death. In descending order of impor¬ 
tance, these features are New York Heart Association class III or 
IV, cardiomegaly on chest radiography, segmental or global wall- 
motion abnormalities on echocardiography, nonsustained ven¬ 
tricular tachycardia on Holter monitoring, low QRS voltage on 
electrocardiography, and male sex. A risk score derived by combin¬ 
ing points for each of these features accurately classified patients 
into subgroups at low, medium, and high risk for death. 

Among patients in the high-risk category, the 10-year mortality 
was 84%. Mortality was considerably lower among those classified 
as low risk (10%) or intermediate risk (44%), but the long-term 


outcome for many of these patients is not promising, given the 
progressive nature of the disease. 

Stroke and Chagas' disease 

Chagas’ disease is a risk factor for stroke in endemic areas, inde¬ 
pendent of the severity of cardiac failure (Oliveira-Filho et al., 
2005). Stroke in Chagas’ disease has been described in several 
autopsy reports of individuals, but the stroke mechanism was not 
defined. 

Brain infarction has been reported in 5-15% of the autopsies of 
chagasic persons in an endemic area in the northeastern region 
of Brazil (Braga et al., 1995). Samuel et al. (1983) reported 39 
individuals with brain infarction, 28% of whom had infarction 
characterized as the cause of death. Usually the autopsy series sug¬ 
gest that chagasic patients with older age (>40 years), advanced 
heart failure, thrombosis in the left cardiac chambers, atrial fibril¬ 
lation, ventricular arrhythmias, previous embolism, and ventricu¬ 
lar aneurysm have a high risk of ischemic stroke (Aras etal., 2003). 
However, despite the high frequency of embolic events in autopsy 
cases with Chagas’ disease, most of them were not diagnosed dur¬ 
ing life (Aras etal., 2003). 

Demographic features and stroke risk factors 

Stroke occurs in Chagas’ disease patients at least 50 years of age, 
after the period of a higher risk of cardiac death (Oliveira-Filho 
et al., 2005). A survival advantage for women with Chagas’ dis¬ 
ease may be one clarification for the observed higher frequency 
of Chagas’ disease with stroke in women. Although most Chagas’ 
disease patients with stroke had at least one associated risk factor, 
the most frequent being hypertension (Carod-Artal et al., 2005), 
the frequency of stroke risk factors in Chagas’ disease patients is 
lower than that found in other stroke causes. 

Ischemic stroke subtypes 

Chagas’ cardiomyopathy increases the risk occurrence of embolic 
ischemic stroke, and its treatment is one of the most important 
strategies for stroke prevention in Chagas’ disease patients. The 
most common stroke syndrome in Chagas’ disease patients is a 
partial anterior circulation infarct, with the middle cerebral artery 
being the most often affected vascular territory (Carod-Artal etal., 
2005). 

Serological Chagas’ disease results in endemic areas can show 
that up to 25% of patients have positive chagasic serology. 
Although there is an association between T. cruzi infection and 
stroke (regardless of cardiac abnormalities), in endemic areas 
(Leon-Sarmiento etal., 2004), socioeconomic disparities in multi¬ 
ple associated stroke risk factors may predispose Chagas’ disease 
patients to other ischemic stroke subtypes, such as atherosclero¬ 
sis. A 13% frequency of carotid occlusion or at least a moderate 
to severe carotid stenosis (>50%) has been found in a series of 
patients with stroke and Chagas’ disease who were studied using 
carotid ultrasound (Carod-Artal etal., 2003). 
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Using the Trial of Org 10172 in Acute Stroke Treatment (TOAST) 
criteria, Carod-Artal et al. (2003) classified the strokes of 37% of 
Chagas’ disease stroke patients as having an unknown cause. Some 
of those patients probably also had the indeterminate form of 
Chagas’ disease that may require further cardiac investigation. 
Thrombophilia states such as protein C or S deficiency, anti throm¬ 
bin III deficiency, factor V Leiden, and anticardiolipin antibodies 
were not associated with Chagas’ disease and stroke (Carod-Artal 
etal., 2005). 

Cardiac investigation in patients with Chagas' 
disease and stroke 

Almost 70% of patients with Chagas’ disease and stroke have 
shown some electrocardiogram (ECG) alterations. The common 
changes on ECG are ventricular premature beats, right bun¬ 
dle branch block, left anterior hemiblock, diffuse repolarization 
abnormality, runs of nonsustained ventricular tachycardia, heart 
block, and abnormal Q waves. In advanced stages of Chagas’ dis¬ 
ease, atrial fibrillation, and low QRS voltage may occur. 

Radiological study of the thorax is a routine investigation in 
patients with Chagas’ disease to detect cardiac impairment and 
to evaluate the degree of ventricular dysfunction. 

Usually, in the early stages of cardiac involvement, echocardiog¬ 
raphy may reveal one or more areas of abnormal wall motion. More 
advanced cardiac disease is characterized by global cardiac dilata¬ 
tion and diffuse hypokinesis, often associated with mitral and tri¬ 
cuspid regurgitation. Left ventricular aneurysms may develop at 
the cardiac apex, a hallmark morphological sign of Chagas’ disease. 
Apical aneurysms may occur in 16% of Chagas’ disease patients 
with stroke. These patients often have associated ECG abnormal¬ 
ities (Carod-Artal etal., 2005). 

Other techniques may provide novel approaches to identifying 
cardiac lesions, particularly in the indeterminate phase of Chagas’ 
disease. Regional myocardial perfusion disturbances may occur 
early in the course of Chagas’ cardiomyopathy even before wall- 
motion abnormalities develop (Simoes et al., 2000). Myocardial 
delayed enhancement by MRI is a noninvasive diagnosis to evalu¬ 
ate myocardial fibrosis in Chagas’ disease patients (Rochitte etal., 
2005). MRI can also show that the degree of myocardial fibrosis 
may increase progressively from mild to the most severe Chagas’ 
disease stages, and may be a marker of disease severity. 

Brain imaging and transcranial Doppler in Chagas' 
disease patients with stroke 

Usually patients with Chagas’ disease and stroke have embolic 
infarcts detected by early CT or MRI. In addition, cerebral blood 
flow impairment can also be found in Chagas’ disease patients 
with refractory congestive heart failure (Massaro etal., 2006). 

Treatment of Chagas' disease patients with stroke 

Chagas’ disease patients with acute ischemic stroke may also ben¬ 
efit from recombinant tissue plasminogen activator (rtPA), as do 
patients with other causes of acute ischemic stroke who arrive at 


the emergency service within the therapeutic window (Trabuco et 
al 2005). 

There is a higher frequency of Chagas’ cardiomyopathy in stroke 
patients; therefore, prevention of subsequent stroke by long-term 
anticoagulation with warfarin should be indicated. Heart failure is 
treated in a manner similar to other causes. The maximal tolerated 
dose of angiotensin-converting enzyme inhibitors is usually lower 
in heart failure patients with Chagas’ cardiomyopathy and may 
be a marker of pump failure death (Bestetti and Muccillo, 1997). 
Patients with Chagas’ cardiomyopathy more often need an arti¬ 
ficial permanent pacemaker than do patients with other causes 
of cardiomyopathies. Cardiac transplantation has been success¬ 
ful in selected patients with refractory congestive heart failure. 
Despite the risk of immunosuppression, only a few patients devel¬ 
oped cutaneous or myocardial reactivation (Malheirosefa/., 1997). 
In addition, Chagas’ disease patients with Chagas’ cardiomyopa¬ 
thy seem to have lower stroke rates during heart transplantation 
compared to patients with ischemic cardiomyopathy, suggest¬ 
ing that stroke is mainly associated with previous atherosclerotic 
cardiovascular disease rather than with the surgical procedure 
(Malheiros etal., 2002). 
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STROKE IN PERSONS INFECTED WITH HIV 

Vivian U. Fritz and Alan Bryer 


Introduction 

Stroke is uncommon in HIV-positive individuals. The question 
arises as to whether stroke is incidental to the HIV status of the indi¬ 
vidual or whether HIV infection confers increased risk of stroke. 
Most studies do not distinguish between stroke due to medical 
conditions and stroke due to an HIV-associated vasculopathy. Sub- 
Saharan Africa has one of the most rapidly expanding HIV epi¬ 
demics in the world. The nature of the virus with delayed onset 
of manifestations of infection makes it very difficult to track the 
progress of the epidemic. In this region, most available data con¬ 
cerning the scale of the epidemic are from South Africa. This coun¬ 
try's population has grown to approximately 48 million people 
and, of these, 5.4 million were estimated to be infected with HIV 
(11% of the total population) by the middle of 2006 (Dorrington 
et al., 2006). Nineteen percent of the working age population (ages 
20-64) was HIV positive. The HIV prevalence rate in women was 
highest between ages 25 and 29 (33%), and in men prevalence was 
highest between ages 30 and 34 (27%). In South Africa, 1.8 million 
AIDS deaths had occurred since the start of the epidemic. South 
Africa is uniquely positioned to study the association between HIV 
infection and stroke in a region with a high seropositive preva¬ 
lence in the general population. A number of studies concerning 
this issue have been published from this region in the past 7 years 
(Chetty, 2005; Connor etal., 2000; Hoffman et al., 2000; Kumwenda 
et al., 2005; Mochan et al, 2003, 2005; Patel et al., 2005; Tipping 
etal., 2007). 

Is there an increased risk of stroke in patients 
infected with HIV? 

Controversy exists as to whether HIV infection confers an 
increased risk of stroke, and there are few data to quantify any 
such HIV-associated stroke risk. 

In 1989, Engstroom et al. undertook a retrospective study in 
which 1600 AIDS patients were analyzed. They found 12 strokes 
over a 5-year period. This group was compared with age-matched 
controls in the age range of 35-45 years. The conclusion reached 
was that stroke was more common in the group with AIDS than in 
the age-matched control group. 

A case-controlled study (Berger et al., 1990) in the late 1980s 
compared the prevalence of cerebrovascular disease in autopsied 
patients between the ages of 20 and 50 years with and without 
AIDS. Thirteen of 154 patients (8%) had strokes. There was no sta¬ 
tistically significant difference between the prevalence of stroke in 


dying patients with AIDS and that in dying patients matched for 
age and sex who did not have AIDS. In contrast, a retrospective, 
case-control, hospital-based study suggested that HIV infection 
was associated with an increased stroke risk, particularly cere¬ 
bral infarction, in young people (Qureshi et al., 1997). Data from a 
cohort study on 772 consecutive HIV-infected patients that evalu¬ 
ated the rate of transient ischemic attack (TIA) and stroke suggest 
that ischemic cerebrovascular events were more common in the 
HIV-infected patients than in the general population (Evers etal., 
2003). 

Another retrospective, case-control study was carried out on 
patients registered in the South African Durban stroke data bank 
(Hoffmann et al., 2000). Sixteen percent of all strokes in young 
{<50 years old) black Africans living in KwaZulu-Natal province 
recorded on this register occurred in association with HIV infec¬ 
tion. The area is estimated to have the highest estimated incidence 
of HIV seropositivity in Sub-Saharan Africa, reported as 36% in the 
South African Department of Health national HIV and syphilis 
seroprevalence study of women attending public health clinics in 
South Africa (2000). The incidence rate of HIV in this population 
paralleled that of the young black population at large, suggest¬ 
ing no overall increased rate of stroke in association with HIV. 
However, when compared to strokes occurring in an age- and sex- 
matched HIV-seronegative control population, large-vessel cryp¬ 
togenic stroke was more common in the HIV-infected population. 

A subsequent hospital-based study was undertaken in KwaZulu- 
Natal province in order to determine whether HIV infection con¬ 
fers a predisposition to stroke in young adults (Patel et al., 2005). 
Patients who were HIV-positive with no other identifiable etiology 
were compared to age- and race-matched HIV-negative patients. 
The HIV-positive and -negative groups did not differ in angio¬ 
graphic, cardiac, or serologic tests, and a positive HIV test did 
not provide causal information or diagnosis. However, there was 
a trend towards more frequent internal carotid artery/common 
carotid artery occlusions in the HIV-positive group when com¬ 
pared with the HIV-negative group. 

In a short review on AIDS and stroke risk, Berger (2004) noted 
that an increased risk of stroke in people with AIDS has been sug¬ 
gested by clinical (Evers et al., 2003), radiographic (Gillams et al., 
1997), and pathological series (Anders et al., 1986; Budka et al., 
1987; Connor etal., 2000; Kuwe etal., 1991; Lang et al., 1989; Mizu- 
sawa etal., 1988; Petito etal., 1986; Rhodes, 1987). 

In the first ever population-based study to quantify AIDS- 
associated stroke risk, Cole et al. (2004) found that AIDS 
was strongly associated with ischemic stroke and intracranial 
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hemorrhage. They identified all incident ischemic stroke and 
intracranial hemorrhage cases in young adults (15-44 years old) 
in central Maryland and Washington DC over a 4-year period and 
were able to determine the number of AIDS cases in the area dur¬ 
ing this period. After exclusion of cases in AIDS patients in whom 
other potential causes were identified, AIDS patients continued 
to have an increased risk of stroke (adjusted relative risk 9.1; 95% 
confidence interval [Cl]: 3.4-24 for ischemic stroke and 12.7; 95% 
Cl, 4.0-40.0 for intracranial hemorrhage). Although the study con¬ 
cluded that AIDS is strongly associated with both ischemic stroke 
and intracerebral hemorrhage, it was limited by the small num¬ 
ber of AIDS cases, particularly women (2 of the 12 AIDS patients 
were female). Other limiting factors were that there may have 
been underreporting of AIDS patients in the cohort studied and 
that only inpatients were reported. This study was conducted 
in the pre-HAART therapy era (Highly Active Antiretroviral Ther¬ 
apy), and most patients were only treated with zidovudine (AZT) 
or not treated at all. No histopathology was carried out in this 
study. 

In a setting of high HIV seropositive prevalence in the general 
population, cerebral infection is an important consideration in the 
differential diagnosis of stroke (Kumwenda etal., 2005). 

Possible mechanisms of the increased stroke risk 

The information obtained above has suggested that there is a risk 
of stroke in AIDS patients that is higher than that in age-matched 
controls. The reason that there is an increased risk of stroke in 
AIDS patients has been the source of many investigations. The 
most common mechanisms cited for stroke development in AIDS 
patients are: 

• Hypercoagulable or prothrombotic states 

• Other secondary causes such as brain embolism and cerebral 

infections 

• Direct primary HIV-associated vasculopathies 

Prothrombotic states 

The suggestion that there was a prothrombotic state in AIDS 
patients has been made by several authors. In a retrospective 
case-control study comparing stroke etiologies in young, predom¬ 
inantly African American subjects with and without HIV infection, 
the investigators found protein S deficiency in 20% and meningitis 
in 25% of the HIV-positive cohort. They concluded that meningitis 
and protein S deficiency were significantly associated with stroke 
(Qureshi etal., 1997). However, the relationship between the pro¬ 
tein S deficiency and the occurrence of cerebral infarction was not 
clearly defined. 

In a subsequent hospital-based series, 35 HIV-infected hetero¬ 
sexual adult patients presenting with stroke to a large SouthAfrican 
public hospital were investigated for stroke cause (Mochan etal., 
2003). They did not abuse intravenous drugs, and the strokes were 
prospectively studied. Smoking, oral contraceptive use, and dys- 
lipidemia were not risk factors in this cohort, and none of them 
had been treated with antiretroviral therapy. Their mean age was 


32.1 years, and there were more women (21) than men (14). Ninety- 
four percent (33 patients) had cerebral infarctions, 6% (2 patients) 
had intracerebral hemorrhages, and there were no venous strokes 
in this series. There was no control group. A possible cause of the 
cerebral infarction was found in 22 of the 33 patients, and coag¬ 
ulopathy was the most common. Seventeen patients (49%) had 
a coagulopathy, and of these latter patients protein S deficiency 
occurred in 11 of thepatients, protein C deficiency in 1 patient, and 
anti-phospholipid antibody syndrome in 5. This study precluded 
other epidemiological observations because there was no stroke 
registry in the hospital and hospital admission statistics were not 
available. The authors also noted that they had no data available 
on the prevalence of protein S deficiency and anti-phospholipid 
antibodies in the HIV-positive and HIV-negative populations. 

There was a low incidence of intracerebral hemorrhages in 
this study and also a higher number of women with stroke 
and HIV. Patients with intracerebral space-occupying lesions 
were excluded. Five patients had elevated anti-phospholipids and 
immunoglobulin G (IgG) antibody titers; these antibodies are 
known to occur frequently in patients with HIV infection and AIDS 
(Abuafera/., 1997; Casado Naranjo etal., 1992; Hassell etal., 1994; 
Rubbert et al., 1994), but the clinical relevance of elevated anti¬ 
phospholipid IgG antibody titers in patients who are HIV-positive 
remains uncertain. 

In 2005, Mochan et al. undertook a study to determine the 
relevance of protein S deficiency in HIV-infected patients with 
ischemic stroke. Thirty-three HIV-positive patients with ischemic 
stroke who were previously described were prospectively com¬ 
pared with control groups for occurrence of protein S defi¬ 
ciency. The control groups comprised an equal number of con¬ 
secutive, matched HIV-positive and -negative patients with and 
without stroke, respectively. Protein S deficiency was found 
to occur significantly more frequently in HIV-positive patients 
compared with HIV-negative stroke patients. A second set of 
controls of HIV-positive patients with other medical conditions 
(pulmonary tuberculosis, pneumonia, Guillain-Barre syndrome, 
bilateral Bell's palsy) but without stroke was then included as a 
control group, and this group was compared with the HIV-positive 
stroke group. When these patients were compared with the pre¬ 
viously reported group of HIV-positive stroke patients (Mochan 
etal., 2003), a significant association was found between HIV infec¬ 
tion and protein S deficiency but not between stroke and pro¬ 
tein S deficiency. The observation that HIV infection is associated 
with protein S deficiency had been made by a number of previ¬ 
ous authors (Bissuel et al., 1992; Erbe et al., 2003; Hassell et al., 
1994; Sorice et al., 1994; Stahl etal., 1993; Sugerman et al., 1996). 
However, the inclusion of HIV-positive patients without stroke as 
a control group indicated that protein S deficiency is related to HIV 
infection rather than stroke occurrence. In terms of HIV infection, 
the data supported the concept that the occurrence of protein S 
deficiency is an epiphenomenon of HIV infection and not a likely 
cause of stroke. The study was limited by relatively small num¬ 
bers of patients, but the patients were all from the same region 
and hospital, and the control groups were appropriately matched. 
An editorial comment following the article acknowledged that 
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protein S deficiency is probably not related to the increased risk 
of stroke in HIV (Qureshi, 2005). Other potential mechanisms for 
the increased stroke risk have been proposed. 

Secondary causes of stroke 

Traditionally, stroke occurrence with HIV infection has been asso¬ 
ciated with opportunistic infection, malignancy, and cardioem- 
bolic causes of stroke. These are discussed briefly below. 

1. Cardiac sources of emboli have been well described. These 
include HIV-associated cardiomyopathy, infective endocardi¬ 
tis, and nonbacterial thrombotic endocarditis (Anders et al., 
1986; Berger etal., 1990). 

2. Cerebral opportunistic infections are important causes of sec¬ 
ondary infective vasculitis and cause both cerebral infarcts and 
hemorrhages. These include fungal and tuberculous menin¬ 
gitis. Intracerebral hemorrhage was documented in patients 
who had infectious or neoplastic intracerebral space-occupying 
lesions such as primary central nervous system (CNS) lym¬ 
phoma, metastatic Kaposi’s sarcoma, and cerebral toxoplasmo¬ 
sis (Pinto, 1996), and can mimic stroke. Cerebral infections that 
have been associated with stroke and vasculitis are listed in 
Table 15.1. 

3. Hypercoagulable states. Apart from the questionable role of 
protein S deficiency and the presence of anti-phospholipid anti¬ 
bodies as a previously mentioned risk for stroke, infrequent 
reports of other prothrombotic states have been described to 
cause stroke in the HIV-positive patient. These include dissem¬ 
inated intravascular coagulation (Berger et al., 1990), hyper¬ 
viscosity syndrome (Martin et al., 1989), and cerebral venous 
thrombosis with cachexia and dehydration (Berger etal., 1990). 
Unrecognized prothrombotic states have been suspected of 
being responsible for cryptogenic stroke in HIV-positive indi¬ 
viduals (Hoffmann etal., 2000) but no proof has been offered to 
support this hypothesis. 

4. Malignancy. Lymphoma can invade the vessel wall resulting 
in thrombosis with subsequent infarction, but this is a very 
uncommon cause of stroke in the HIV-positive patient. 

5. Substance abuse. Patients may be predisposed to developing 
stroke by virtue of falling into a specific risk group for HIV. 
In particular, this category includes all patients who misuse 
drugs intravenously and use substances that are known to cause 
stroke such as cocaine, heroin, and amphetamines. 

6. Accelerated atherosclerosis with use of protease inhibitors. The 
spectrum of the HIV epidemic is changing. The use of HAART 
has resulted in a clear reduction in the incidence of comorbid 
conditions and premature mortality, and this could account for 
a growing prevalence of atherosclerosis in HIV-infected persons 
as they get older (Rabinstein, 2003). There is anecdotal evidence 
that treatment with protease inhibitors is associated with severe 
premature atherosclerotic vascular disease (Henry et al., 1998; 
Behrens et al., 1998; Vittecoq etal., 1998). Protease inhibitors 
can induce a variety of metabolic abnormalities including 
hypercholesterolemia, hypertriglyceridemia, increased serum 
insulin and peptide C levels with insulin resistance, and lipodys¬ 



trophy (Sklar and Masur, 2003). These lipid and other abnormal¬ 
ities have been extensively reviewed by Rabinstein (2003). 

HIV-associated vasculopathy and vasculitis 

The association of systemic vasculitis syndromes with infectious 
disease is a well-described phenomenon. The co-occurrence of 
systemic vasculitis and infection with HIV was the subject of an 
early review (Calabrese, 1991). At that time, efforts were made 
to determine whether the coexisting diseases were causally or 
merely coincidentally associated and were limited by the absence 
of controlled epidemiological investigations, leaving only clinical 
descriptions and pathophysiologic studies to address the issue 
(which to this day has not been adequately resolved). The issue is 
compounded by the fact that HIV infection is frequently associ¬ 
ated with coexisting infections - such as Epstein-Barr virus (EBV), 
varicella zoster virus (VZV), cytomegalovirus (CMV), hepatitis B 
virus, and others - all of which have been linked causally to var¬ 
ious vasculitic syndromes. The author described a spectrum of 
systemic vasculitic syndromes reported in the literature in associ¬ 
ation with HIV infection including polyarteritis (Gherardi et al., 
1993; Gisselbrecht et al., 1998; Libman et al., 1995; Valeriano- 
Marcet et al., 1990), Churg-Strauss, hypersensitivity vasculitis, 
lymphomatoid granulomatosis, and primary angiitis of the cen¬ 
tral nervous system (PACNS). Apart from PACNS, these conditions 
manifested with systemic pathology not confined to the CNS. 
PACNS is a rare condition, and only six case reports in associa¬ 
tion with HIV are cited in this review. It was not possible to deter¬ 
mine whether these cases represent the same disease described 
in the pre-HIV era or whether they represent some new nosologic 
entity. 

Calabrese (1991) cited a number of tentative mechanisms for 
an HIV-associated vasculitis, including the possibilities that HIV 
may be invading the vascular endothelium directly and that the 
expression of adhesion molecules on the surface of endothe¬ 
lial cells causes lymphocyte trafficking. In addition, the possi¬ 
bility was proposed that virally stimulated immune-competent 
cells interact with endothelial cells causing the cells to release 
chemotactic factors or inducing endothelial cells to serve as the 
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focus of altered self-antigenic presentation with a subsequent 
autoimmune response. 

Subsequent to this review, HIV-related cerebral vasculitis is often 
cited as a cause of stroke. This maybe the result of the misinterpre¬ 
tation of perivascular inflammatory cells, which are common in 
the HIV setting, and the inclusion of cases in which either poten¬ 
tial or more likely causes of vasculitis have not been excluded. The 
pathological diagnosis of a vasculitis should be reserved for cases 
in which there is infiltration of the vessel wall by inflammatory 
cells with subsequent vessel wall damage. 

The primary vasculopathies of the CNS described in association 
with HIV include: 

1. Small-vessel vasculopathy 

2. Large- and medium-vessel vasculopathy 


Small-vessel HIV-associated vasculopathy 

Mounting evidence supports the occurrence of a disease involv¬ 
ing small vessels in the CNS (Rabinstein, 2003). An autopsy study 
revealed the presence of an asymptomatic vasculopathy in 10 
patients characterized by hyaline small-vessel wall thickening, 
perivascular space dilatation, rarefaction and pigment deposi¬ 
tion with vessel wall mineralization, and occasional perivascu¬ 
lar inflammatory cell infiltrates (Connor et al., 2000). This study 
sought to determine whether cerebral infarcts occur in the Edin¬ 
burgh autopsy cohort in the absence of causes other than HIV 
infection. The pathologic findings were detected in all patients 
with hypoxic / ischemic pathologic lesions who had no intercurrent 
CNS opportunistic infections or embolic sources. These lesions 
(that were found in 5.5% of this large 183-case autopsy series) were 
typically multiple, small, and composed of palely stained and rar¬ 
efied brain tissue with loss of neurons and variable numbers of 
associated reactive astrocytes and microglial cells with varying 
degrees of cavitation. Infection of endothelial cells with conse¬ 
quent breakdown of the blood-brain barrier has been advanced as 
at least a theoretical possible mechanism of HIV entry into the CNS 
(Budka 1989; Ho etal., 1987; Rhodes and Ward, 1991). Vasculitis was 
not found in any of the 10 patients, and although 1 patient had had 
a TIA, no patients had had a stroke. These vascular changes were 
similar to those found in cases of cerebral arteriosclerosis seen in 
elderly, hypertensive, and diabetic patients. They were also similar 
to the changes seen in AIDS-related leukoencephalopathy. How¬ 
ever, these patients were young (range 22-47 years) andmostlyfree 
of the traditional vascular risk factors (although 5 of the 10 patients 
with vasculopathy were previously intravenous drug users). Most 
of the patients had not been on modern antiretroviral drugs when 
the study was done; therefore, microinfarcts seen were not drug 
induced. Neither the degree of vasculopathy nor the extent of cere¬ 
bral microinfarcts was associated with viral load, although all were 
severely immunodepressed. 

The study confirmed the presence of an HIV-associated small- 
vessel vasculopathy although the associated cerebral microin¬ 
farcts are not common (5.5% of cases that went to autopsy) in the 
absence of cerebral opportunistic infection, lymphoma, non-HIV 
infection, or embolic sources. 


Large- and medium-vessel HIV-associated 
vasculopathy 

Cerebral aneurysmal arteriopathy in childhood AIDS 

A cerebral vasculopathy with aneurysms is a rare HIV-specific 
condition leading to stroke that was previously reported only in 
children with AIDS. Typically the arteriopathy developed in chil¬ 
dren between 2 and 12 years of age, was characterized by fusiform 
dilatation of the arteries of the Circle of Willis with sparing of 
the leptomeningeal and intraparenchymal arteries and arterioles, 
and presented with ischemic stroke or intracranial hemorrhage 
(Dubrovsky et al., 1998). The vascular pathology (in four patients 
who had postmortem examinations) showed medial fibrosis with 
loss of the muscularis, destruction of the internal elastic lam¬ 
ina, and intimal hyperplasia. In those patients tested, immuno- 
stains for HSV, VZV, and CMV were negative. All these patients 
had a severely depressed immune system with a history of multi¬ 
ple opportunistic infections preceding the diagnosis of aneurys¬ 
mal arteriopathy. Although vascular inflammation was sparse or 
absent in the few autopsy cases, the pathology was considered 
consistent with a prior vasculitis, and the clinical histories clearly 
indicated an acquired lesion of subacute onset. The pathogenesis 
of this vasculopathy was unclear, but the authors suggested a role 
for VZV or a vasculitis due to HIV itself. Evidence for HIV was the 
detection of HIV protein or genomic material in two of the four 
autopsy cases. Other case reports have confirmed the presence 
of this distinct entity with single but typically multiple fusiform 
or saccular aneurysms located near or in the Circle of Willis in 
children with AIDS (Martinez-Longoria etal., 2004; Mazzoni etal., 
2000; Nunes etal., 2001; Patsalides etal., 2002) 

large- and medium-vessel HIV-associated vasculopathy 
in adults 

As early as 1996, case reports of saccular cerebral aneurysms in 
adult patients with full blown AIDS presenting with subarachnoid 
hemorrhage appeared in the literature (Maniker and Hunt, 1996). 
Histopathology was not available, and the authors had no reason 
to suggest that HIV was a causal agent in the formation of cerebral 
aneurysms. They cited the pediatric literature (Joshi et al., 1987) 
as evidence that HIV is implicated in cerebral vascular disease 
by virtue of a vasculitis shown at autopsy. Subsequently, a large 
to medium-sized extra- and intracranial vasculopathy peculiar to 
HIV was reported. In 2000, Chetty etal. reported a series of 16 HIV¬ 
positive adult patients (age range 18-38 years) with large-vessel 
disease consisting of either aneurysms (usually multiple) or occlu¬ 
sive disease. These patients presented with rupture of aneurysm, 
TIA, hypertension, ischemia to the lower extremity, or a mass at 
the site of the aneurysm. Arteries commonly affected were the 
common carotid, abdominal aorta, common iliac, femoral, and 
popliteal. 

Pathological specimens from these 16 patients were sent for 
histological assessment of aneurysmal and nonaneurysmal ves¬ 
sel wall. Special stains for acid-fast bacilli, fungi, spirochetes, and 
bacteria were performed on all specimens. Patients had the rele¬ 
vant serologic tests for syphilis, typhoid, anti-nuclear factor, and 
anticardiolipin antibodies, but viral cultures were not performed. 
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None of the patients had any obvious infective vascular lesion, and 
none were treated for HIV/AIDS. Histopathology of the vessel wall 
revealed that the key features were within the adventitia - showing 
a leukocytoclastic vasculitis of the vasa vasorum and periadven- 
titial vessels, proliferation of slit-like vascular channels, chronic 
inflammation, and fibrosis. There was associated medial fibrosis 
with loss and fragmentation of muscle and elastic tissue, fntimal 
changes were slight and consisted of duplication and fragmenta¬ 
tion of the internal elastic lamina with calcification. Atheroma and 
marked intimal thickening were not evident. 

The authors suggested that the occurrence of this large-vessel 
vasculopathy (mainly aneurysmal), often with multiple lesions in 
young HIV-positive patients, was characteristic of possible infec¬ 
tive or immune complex origin, with leukocytoclastic vasculitis 
of vasa vasorum and periadventitial vessels being pivotal in many 
cases. The histological changes described in this study suggest that 
two patterns are present: 

1. An acute or active phase that shows leukocytoclastic vasculitis 
of the vasa vasorum with resultant ischemia of the media 

2. A chronic healed/healing phase with less obvious leukocyto¬ 
clastic vasculitis, and fibrosis in the media ultimately leading 
to weakening of the vessel and aneurysm formation. Occlusive 
disease or aneurysm formation is most likely secondary to ves¬ 
sel wall damage after leukocytoclastic vasculitis. 

The authors made a cogent argument that the clinicopatho- 
logical changes described in their study are characteristic and 
consistent enough to suggest that this large-vessel disease 
represents a distinct subset of vasculopathy in HIV-positive 
patients. 

In a subsequent report, the same group reported a spontaneous 
arteriovenous fistula of the superficial femoral artery in an HIV- 
infected person (Nair et al. t 2001). Histological examination of 
the artery showed similar features to those seen in HIV-related 
aneurysm (Chetty et al., 2000). In an ongoing clinical survey to 
determine the spectrum of vascular disease in HIV/AIDS patients 
conducted at the University of Pretoria Academic Hospital in 
South Africa a similar spectrum of clinical vascular pathology was 
reported. This involved occlusive disease of large arteries (includ¬ 
ing the extracranial carotid arteries) as well as striking aneurysms 
of large vessels, but histology was not provided. 

Subsequently isolated case reports of intracranial cerebral vas¬ 
culopathy have been reported by a few authors. Kossorotoff et al. 
(2006) described two adult patients with this characteristic angio¬ 
graphic appearance: a 23-year-old infected with HIV presenting 
with recurrent large vessel ischemic stroke as well as interhemi- 
spheric meningeal hemorrhage in which angiography revealed 
a vasculopathy characterized by multiple ectasias and stenotic 
lesions of medium-sized arteries and aneurysmal dilatation of the 
terminal internal carotid artery, and a 32-year-old HIV-positive 
patient with ischemic stroke in the right middle cerebral artery 
territory who had angiography that showed multiple ectasias and 
focal stenoses of medium- and small-sized cerebral arteries. Serol¬ 
ogy for a variety of infective causes (including CMV, EBV, VZV, and 
HSV) were all negative. In another report (Ake, 2006) a 29-year- 
old African American with AIDS is described who presented with 
an acute intracranial hemorrhage and was shown to have many 


fusiform aneurysms and stenoses involving the anterior and pos¬ 
terior circulations. Extensive evaluations for infectious, autoim¬ 
mune, or metabolic causes were all negative. 

Tipping etal. (2006) described a 27-year-old HIV-infected South 
African woman who presented with ischemic stroke and was 
shown to have an intracranial vasculopathy on angiography char¬ 
acterized by fusiform dilatation of the arteries of the Circle of Willis. 
Subsequent autopsy and histological examination of the internal 
carotid and middle cerebral arteries showed luminal thrombosis, 
concentric intimal fibrosis with hyalinization, and thinning of the 
elastic lamina. Neutrophils were present on the luminal surface 
related to the thrombus. Arteries on the nonaneurysmal side had 
thickened internal elastic lamina with fragmentation and focal 
intimal proliferation with calcification. The media was preserved. 
There was deposition of mucopolysaccharides in the intima and 
media of the arteries with splaying of the myocytes. No microor¬ 
ganisms or cytopathic changes were observed, and immunoperox- 
idase stains showed moderate numbers of CD68 macrophages and 
some CD3 lymphocytes. HIV p24 antigen staining of the vessel sec¬ 
tions was negative. As there was no evidence of active vasculitis, the 
authors suggest that the pathology of intracranial HIV-associated 
vasculopathy may be different from the extracranial aneurysms 
in HIV-positive patients because of a vasculitis involving the vasa 
vasorum, which is absent in the intracranial vessels. 

In a subsequent study (Tipping etal., 2007), 67 patients with con¬ 
firmed first stroke, infected with HIV, and prospectively included 
in the University of Cape Town/Groote Schuur Hospital stroke 
register between September 2000 and July 2006 were identified 
and reviewed. Patients with nonstroke intracranial lesions were 
excluded. Mean age was 33.4 years with 90% of these patients 
younger than 45 years. Cerebral infarction occurred in 64 patients 
(96%) and intracerebral hemorrhage in 3 (4%). The etiology of the 
intracerebral hemorrhages was hypertension in all three patients. 
Underlying causes of cerebral infarction were identified in the 
majority of patients. However, seven patients (10%) were identi¬ 
fied with an extracranial vasculopathy for which no obvious cause 
could be found. This manifested clinically as either a total or signif¬ 
icant occlusion of the carotid bifurcation. Seven patients (10%) had 
radiological evidence of an intracranial vasculopathy for which no 
cause could be found and which was not seen without cause in the 
HIV-negative group of stroke patients in our register of 1087 South 
African stroke patients. Intracranial vasculopathy is characterized 
as medium-vessel occlusion with or without fusiform dilatation, 
stenosis, and vessel caliber variation by angiography (Figures 15.1, 
15.2,15.3, and 15.4). 

The study also emphasized the approach that, in HIV-positive 
patients presenting with a stroke or TIA, potentially treatable 
causes such as cerebral coinfection or tumor should be excluded 
before assuming that the cause is related to HIV infection itself as a 
result of a vasculopathy or some as yet unrecognized pathogenetic 
mechanism. 

In HIV-infected patients with stroke, underlying intra- and 
extracranial vasculopathy is being increasingly recognized after 
infective vasculitides have been excluded. The precise mecha¬ 
nisms of this vasculopathy, the role of the HIV, and the potential 
influence of HAART remain to be determined. 
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Figure 15.1 Contrast-enhanced CT scan in patient with HIV vasculopathy 
showing fusiform dilatation of the A1 segment of the anterior cerebral artery. 



Figure 15.3 Three-dimensional time-of-flight magnetic resonance angiography 
(MRA) of Circle of Willis: fusiform dilatation of the left Ml segment (top arrow) 
with attenuation of the left M2 and M3 vessels; fusiform dilatation of the 
terminal basilar artery and right PI segment of the posterior cerebral artery 
(bottom arrow). 



Figure 15.2 CT cerebral angiogram in patient with HIV-associated vasculopathy 
with fusiform dilatation of the right distal supraclinoid internal carotid (bottom 
arrow) and proximal Ml and A1 segments of the right middle and anterior 
cerebral artery (top left arrow). There is a postdilatation stenosis and occlusion 
of the right anterior cerebral artery (top right arrow). See color plate. 

Approach to stroke therapy in a patient that is 
found to be HIV positive or has AIDS 

The management of the HIV-infected patient presenting with 
a stroke should be directed primarily towards determining the 
underlying cause of the stroke. 



Figure 15.4 CT angiogram: fusiform segmental dilatation of the right middle 
cerebral artery (distal Ml). 


The occurrence of stroke in the younger patient who is HIV 
positive should not preclude comprehensive evaluation, as HIV 
status may be incidental particularly in a population with a high 
HIV seropositive prevalence in the general population. A thorough 
history and clinical examination frequently reveal a likely cause for 
stroke. This should include enquiry concerning drug misuse and 
symptoms and signs of opportunistic infection such as tuberculo¬ 
sis and prior VZV. 
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A coagulation abnormality is often found associated with HIV 
and stroke. As discussed above, protein S deficiency has been asso¬ 
ciated with HIV and stroke and is probably an epiphenomenon, 
and the role of elevated anti-phospholipid antibodies is uncertain. 

AIDS is frequently found in developing countries and in medical 
environments in which a rational and cost-effective approach is 
recommended. A CT scan is essential in any young patient with a 
stroke that is HIV positive in order to establish whether there has 
been a hemorrhage or an infarct and to exclude other conditions 
that often mimic stroke in the HIV-positive patient such as tox¬ 
oplasmosis, tuberculoma, or lymphoma. If the CT scan does not 
reveal evidence of a space-occupying lesion, a lumbar puncture is 
usually indicated in order to exclude chronic meningitis (tubercu¬ 
losis, syphilis, fungal infection, zoster). Given the high prevalence 
of cardioembolic causes of stroke in this group, careful cardiac 
examination, electrocardiogram, and often echocardiography is 
required. Although full blood count, serology for syphilis, and chest 
x-ray is routinely done, a CD4 count is not essential but does pro¬ 
vide information about the degree of immunosuppression in the 
HIV-infected person. 

Other investigations including angiography should be individ¬ 
ualized and should follow routine stroke management guide¬ 
lines. Regardless of angiographic appearance, stroke should not 
be attributed to an HIV-associated vasculopathy unless thorough 
evaluation has excluded infective and other causes. 

The patient should ideally be treated in a stroke unit, and long¬ 
term care plans would need to be tailored to the patient’s spe¬ 
cific needs. The severity of the primary disease and the associ¬ 
ation of secondary opportunistic infections are of major impor¬ 
tance in the management of these patients. The rehabilitation of 
the HIV-infected patient, particularly with a stroke, should not 
be neglected. With the predicted future increased use of HAART in 
patients diagnosed with AIDS, attention will need to be directed to 
the potential metabolic abnormalities (including the lipid abnor¬ 
malities with atherogenic potential due to the protease inhibitors) 
that may develop on treatment. 

Conclusions 

There is mounting evidence to indicate that HIV infection is 
associated with an increased risk for both ischemic and hemor¬ 
rhagic stroke. A number of mechanisms, discussed in detail in this 
chapter, have been proposed for this increased risk including 
prothrombotic states, other secondary causes such as cerebral 
infections and cardioembolic causes, as well as a primary HIV- 
associated vasculopathy. Two forms of vasculopathy have been 
described that have been considered to be HIV-specific: 

Small vessel HIV-associated vasculopathy 

This is largely an asymptomatic vasculopathy that has been 
described in patients that have died with AIDS and is characterized 
by hyaline small-vessel wall thickening, perivascular space dilata¬ 
tion, rarefaction and pigment deposition with vessel wall mineral¬ 
ization, and occasional perivascular inflammatory cell infiltrates, 
and is associated with microinfarcts. 


large- and medium-vessel HIV-associated 
vasculopathy 

This was first described in children and then later in adults. The 
vasculopathy involves both extracranial arteries (including the 
carotids but also other large arteries) as well as medium-sized 
intracranial vessels, particularly those near or part of the Circle 
of Willis. The extracranial vasculopathy presents with occlusive 
disease or aneurysm formation and is most likely secondary to ves¬ 
sel wall damage after leukocytoclastic vasculitis. The intracranial 
vasculopathy is characterized as medium-vessel occlusion with 
or without fusiform dilatation, stenosis, and vessel caliber varia¬ 
tion by angiography and can present as either ischemic stroke or 
intracranial hemorrhage. 

A number of possible mechanisms have been proposed to be 
implicated in the pathogenesis of this condition, but the exact 
role of HIV in the etiology of the condition remains uncertain. 
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PART II: HEREDITARY AND GENETIC CONDITIONS AND 
MALFORMATIONS 

PULMONARY ARTERIOVENOUS MALFORMATIONS 

Julien Morier and Patrik Michel 


Introduction 

Pulmonary arteriovenous malformations (PAVMs) are rare occur¬ 
rences among the population. With patent foramen ovale (PFO), 
congenital cardiac defects, and patent ductus arteriosus, they 
belong to the group of pathological arteriovenous communica¬ 
tions that increase the risk of paradoxical embolism. Since their 
first description in 1897 (Churton, 1897), they have been called 
hemangiomas of the lung, pulmonary telangiectasias, cavernous 
angiomas of the lung, pulmonary arteriovenous aneurysms, or 
pulmonary arteriovenous fistulae. Although uncommon, their 
detection is of the utmost importance as they are a treatable 
cause of potentially devastating conditions. Complications such 
as hemothorax or a massive hemoptysis may occur. Their pres¬ 
ence is associated with neurological complications such as acute 
ischemic stroke, transient ischemic attack (T1A), intracerebral 
hemorrhage, seizure, migraine, and cerebral abscess in 30-45% of 
patients. This incidence may reach 70% in case of a diffuse disease 
(Faughnan etal., 2000). 

These malformations can be acquired in various clinical set¬ 
tings or be congenital. Indeed most of them C—70%) are associated 
with Flereditary hemorrhagic telangiectasia (FIHT), also known as 
Osler-Weber-Rendu disease (see Chapter 17), which is an inher¬ 
ited autosomal dominant disorder characterized by recurrent 
epistaxis, mucocutaneous telangiectases, and visceral involve¬ 
ment. Older reports assert that PAVM patients with HITT tend to 
have a more pronounced symptomatology, a more rapid disease 
progression, a higher frequency of multiple arteriovenous malfor¬ 
mations, and more complications (Dines etal., 1974, 1983; Mon- 
sour ef al ., 1970). Given this poorer prognosis, the use of the diag¬ 
nostic criteria of HHT, also known as the Curasao criteria (positive 
family history for HHT, visceral lesion, telangiectasia, recurrent 
and spontaneous epistaxis), is encouraged (Shovlin etal., 2000). 

The clinical course of pulmonary malformations is usually 
slowly progressive, although a more rapid growth has been 
described during pregnancy and adolescence. If the symptoms are 
left untreated, morbidity and mortality can rise significantly. For¬ 
tunately, thanks to recent advances in genetics, radiological imag¬ 
ing, and interventional radiology, this disease is better understood 
and is treated earlier and more efficiently. 

Pathology 

Congenital PAVMs consist of direct arteriovenous connections 
without any intervening capillary bed. They are usually made of 


two parts: a thin-wall part corresponding to the endothelium, and 
a surrounding connective tissue stroma in a variable amount. Pre¬ 
cise distinction between venous and arterial components is usu¬ 
ally not possible. They are classified as either simple PAVMs (2/3 
of patients), when their feeding arteries arise from a single sub- 
segmental artery, or as complex (1/3), when they are perfused by 
more than one artery. Based on embryological development, an 
anatomical classification of PAVMs has been proposed that divides 
these lesions into five groups according to their size and the pres¬ 
ence of an aneurysm or a fistula (Anabtawi etal., 1965). 

A thorough review of the pathologic characteristics of patients 
with PAVMs showed that 36% had multiple lesions, whereas 
8-25% had bilateral disease (Bosher et al., 1959). Thirty to 70% of 
solitary PAVMs are located in the lower lobes (Swanson etal., 1999; 
White efa/.,1988), more frequently in the left lower lobe. Their size 
is usually 1-5 cm, but some can be bigger than 10 cm. About 7-11% 
of patients have diffuse microvascular PAVMs that might occur in 
association with larger arteriovenous malformations, leading to 
a higher risk of developing cerebral complications. It is widely 
accepted that PAVMs with a diameter >2 cm and/or a feeding 
artery >3 mm are associated with an increased risk of developing 
neurological complications and therefore must be treated even in 
asymptomatic patients (White etal., 1988). The natural history of 
smaller PAVMs remains unclear, and it is unproved whether ves¬ 
sels smaller than 1 mm in diameter could allow emboli to enter the 
systemic circulation. If untreated, about half of the PAVMs gradu¬ 
ally enlarge at an approximate rate of 0.3-2 mm per year (Mager 
etal., 2004; Vase etal., 1985). 


Epidemiology 

About 45-90% of the cases of PAVM are linked to HHT, whereas 
15-50% of patients with HHT have a PAVM (Gallitelli et al., 2005; 
Gossage and Kanj, 1998; Hinterseer et al., 2006; Moussouttas 
et al. } 2000). The prevalence of HHT is 2-3 per 100 000 popula¬ 
tion, but it might be higher than 1 in 10 000 in certain areas like the 
Danish island of Fyn (Vaseefu/., 1985), the DutchAntilles (Jessurun 
etal., 1993), and even some Northern regions of France (Plauchu 
etal., 1989). Apositive family historyisfoundin70-94% ofpatients 
studied. There is a female predominance of 1.5-2:1. 

Symptoms related to PAVM, especially when they are congeni¬ 
tal, will develop between the third and sixth decades. More than 
two thirds of neurological manifestations of HHT are related to 
PAVMs (Guttmacher et al., 1995). In the remaining third, cerebral 
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or spinal arteriovenous malformations may cause subarachnoid 
hemorrhage, seizures, or (in very rare cases) paraparesis (Roman et 
al ., 1978). The complications of PAVM involve the central nervous 
system in about 30-70%. 

Pathogenesis and etiology 

The etiology of PAVMs remains unexplained. Several mechanisms 
have been proposed on the basis of histology. It is believed that 
a defect in the terminal arterial loop could induce a dilation of 
capillary sacs, and that an incomplete resorption of the vascular 
septae between the arterial and venous plexuses during fetal devel¬ 
opment could lead to the formation of these defects (Gossage and 
Kanj, 1998). In patients with HHT, two disease-causing gene muta¬ 
tions on chromosomes 9 (locus 9q34) and 12 (locus 12ql) have 
been identified as HHT type 1 and HHT type 2, respectively. A third 
uncommon subtype is associated with juvenile polyposis coli, 
which is due to a mutation of SMAD-4 (Gallione et al., 2004). The 
gene on chromosome 9 encodes for endoglin (CD105), which is a 
cell-surface component of the transforming growth factor-alpha 
(TGF-alpha) receptor complex, whereas activin receptor-like 
kinase 1 (ALK-1) encoded on chromosome 12 belongs to the TGF- 
alpha superfamily type I receptor. Both are implicated in control¬ 
ling migration, proliferation, adhesion, and extracellular matrix 
composition of the endothelial cells (Marchuk, 1997). A molecu¬ 
lar diagnostic test (quantitative multiplex polymerase chain reac¬ 
tion [PCR], sequence analysis, reverse-transcriptase PCR) has 
been available since late 2003. It may help to identify patients 
with HHT and to classify families. However, the heterogeneity of 
the mutations (deletions, insertions, missense, and point muta¬ 
tions) emphasizes the difficulties of the task. Even if PAVMs are 
10 times more likely in families with HHT 1 than with HHT 2 
(Berg et al., 1996), the phenotype of endoglin families can be mild 
for successive generations before an individual presents with a 
symptomatic PAVMs. These families could also be more prone to 
develop cerebral arteriovenous malformations, but this has not 
been shown unambiguously so far. Despite the description of sev¬ 
eral endoglin mutations, no differences have been observed with 
respect to the clinical presentation (Shovlin and Letarte, 1999). The 
pathophysiological mechanism responsible for neurological com¬ 
plications such as strokes and brain abscesses is probably para¬ 
doxical embolism across the PAVMs. The malformation eliminates 
the physiological filter of the lungs, so that shunt flow is able to 
cross through the PAVMs. In contrast to the intermittent passage 
of emboli through PFOs that occurs during increased pressure in 
the right atrium, materials can pass through PAVMs continuously. 
In this aspect, PAVM patients are considered at a higher risk of 
paradoxical embolism. The total surface area of all the arteriove¬ 
nous channels should be considered when evaluating the risk of 
embolism, although others have opined that shunt size is not cor¬ 
related with the risk of brain abscesses, for instance (Gallitelli etal., 
2006). It remains debatable whether embolism originates from the 
peripheral venous circulation or directly from a local thrombosis 
within the PAVM. 

Other than paradoxical embolism, thrombotic events because 
of polycythemia, hypoxia, or even air embolism from a defect in 


the wall of the PAVM could promote brain ischemia. Polycythemia 
or anemia during pregnancy might worsen hemodynamics within 
the arteriovenous malformation. Brain abscesses occur in 50% of 
the cases after a recent visit to the dentist. Less frequently, PAVMs 
are found in other medical conditions such as hepatopulmonary 
syndrome or in mitral stenosis, trauma, actinomycosis, schistoso¬ 
miasis, metastatic thyroid cancer, or Fanconi’s syndrome. Other 
causes of pulmonary shunt must be considered in case of surgery 
for congenital cardiac disease, moderate-to-severe bronchiectasis, 
or as a result of venous atresia. To our knowledge, only one case 
has been described in association with Adams-Oliver syndrome, 
which is a rare entity characterized by terminal transverse limb 
malformation of variable severity and congenital scalp defects 
(Maniscalco etal., 2005). In contrast to PFO (where it is a real con¬ 
cern) , only one case of dysbaric air embolism associated with HHT 
has been reported (Hsu etal., 2004). The concomitant presence of 
PFO and PAVM in a right-to-left shunt should not be overlooked 
(Peters etal., 2005). 

Clinical features 

The clinical manifestations of PAVMs in patients with HHT as well 
as those without HHT are quite variable, as is the phenotype of 
HHT. Asymptomatic patients account for up to 50% of patients, 
making this diagnosis moderately related to the clinical status. 
PAVMs may manifest themselves early in life with congestive heart 
failure, cyanosis, or severe respiratory failure, but symptoms usu¬ 
ally develop between the third and the sixth decade. Single PAVMs 
<2 cm in diameter may be asymptomatic. The severity of symp¬ 
toms is believed to be proportionally related to the size (diameter) 
of the PAVMs. 

Epistaxis resulting from PAVM is the most common complaint, 
noted in 50% of patients by the age of 20 and 90% by the age of 
45 (Plauchu et al., 1989), but usually the bleeding is not severe 
enough to cause anemia. Epistaxis precedes the development of 
cutaneous telangiectases by 10-30 years. Dyspnea is the second 
most common symptom in about 55% of all patients, especially in 
those with large or multiple PAVMs. Cyanosis and clubbing are not 
directly related to the size of the PAVMs or to the intensity of the 
dyspnea. Some patients have platypnea-orthodeoxia (improve¬ 
ment in breathing on reclining and hypoxemia in the sitting or 
upright position). Hemoptysis is the third symptom in terms of 
frequency (8-15%). Life-threatening hemoptysis may occur as the 
initial symptom, although nowadays the mortality from such an 
event is moderate. Gastrointestinal bleeding from telangiectases 
develops after the age of 58 in half of the patients. Hemothorax 
occurs less often, but the risk seems higher during the second half 
of pregnancy. Other less specific symptoms such as chest pain, 
cough, and syncope have also been mentioned in patients with 
PAVMs (Gossage and Kanj, 1998). 

Neurological symptoms are present in about half of the patients 
(43-67%). Confusion, syncope, paresthesias, paresis, headache, 
and vertigo represent the major symptoms. Tinnitus, dizzi¬ 
ness, dysarthria, and diplopia are more likely due to cere¬ 
brovascular complications. Age increases the risk of neurological 
complications; they occur in 10% of PAVM patients younger than 
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30 years and in 45% of patients older than 30 years (Maher et al., 
2001; Moussouttas et al., 2000). The following incidence of neu¬ 
rological complications from single PAVM has been observed in 
the studies by White etal. (1988,1996) :TIA in 37%, acute ischemic 
stroke in 18%, brain abscess in 9%, seizure in 8%, and migraine in 
43%. In the study by Cottin et al. (2007) that included single and 
multiple PAVMs with HHT, slightly different figures were found: 
TIA (6.3%), acute ischemic stroke (9.5%), brain abscess (19%), 
migraine (16%), and cerebral hemorrhage (2.4%). Only four cases 
of paradoxical brain embolism related to an isolated PAVM without 
HHT have been reported so far (Kimura etal., 2004). 

The prevalence of cerebral vascular malformation in patients 
with HHT is about 10-15% (Haitjema et al., 1995; Willinsky 
et al., 1990), with one study reporting up to 36% (Roman 
et al., 1978). It comprises arteriovenous malformations (mostly 
low-grade Spetzler I or II), cavernous malformations, dural arteri¬ 
ovenous fistulae, and aneurysms. Very few studies about intracra¬ 
nial hemorrhage in relation to HHT are available, and the bleed¬ 
ing risk is supposedly low, between 2 and 4% (Ondra et al., 1990; 
Willemse ef al., 2000). It is unknown whether the risk of bleeding in 
HHT patients is greater than that in non-HHT patients (Haitjema 
etal., 1995). 

The overall risk of developing central nervous system compli¬ 
cations, especially of stroke or abscess, increases according to the 
number of PAVMs. The prevalence of infarction in a single PAVM 
is 32% and increases to 60% in multiple PAVMs (Moussouttas 
etal., 2000). Brain abscess in a patient with a single PAVM occurs 
in 8% and in 16% of patients who have multiple PAVMs. 

Few cases of infections in the meninges, spine (Blanco et al., 
1998; David etal., 1997), joints (mainly knees; Desproges-Gotteron 
et al., 1973), kidney (Edigo et al., 1991), and liver have been 
described. About 5% of patients have a more diffuse and multifocal 
pattern of PAVMs that conveys a poorer prognosis. In this partic¬ 
ular group, neurological complications can occur in up to 70% of 
the patients with a much higher prevalence of brain abscess and 
stroke (Faughnan etal., 2000). Lung transplantation is sometimes 
considered in these patients; however, the 2-year survival rate is 
much better in those treated with embolotherapy (91%) than with 
transplantation (63%) (Trulock, 1997). 

After PAVMs are treated, 2% of patients develop strokes or brain 
abscesses during5years, and about 10-15% of treated PAVMs show 
recanalization. The development of new PAVMs, the growth of new 
feeding arteries to a previously occluded PAVM, and the appear¬ 
ance of pleurisy late after embolotherapy have been observed in a 
few patients (Lee etal., 1997; Mager etal., 2004). 

The prevalence of migraine is also increased in PAVM patients 
(21-59% vs. 10-12% in the general population), with a predom¬ 
inance of migraine with aura (81%) (Thenganatt et al., 2006). 
In patients with HHT, this prevalence is elevated as well (38%). 
The causal relation between a right-to-left shunt and migraine is 
debated, especially as PFO has been related to a higher migraine 
prevalence as well (Post et al., 2004; Schwerzmann et al., 2004; 
Wilmshurst et al., 2000). So far, the pathogenesis of migraine in 
patients with PAVMs is unexplained (Post etal., 2005). One hypoth¬ 
esis is a genetic substrate that might lead to both the formation 
of a right-to-left shunt and the development of migraine. Another 


explanation maybe the more likely passage of vasoactive migraine 
trigger substances through the pulmonary shunt (Steele et al., 
1993). 

On clinical examination, telangiectases are the most frequent 
clinical signs of the disease (66%). They are 1- to 2-mm-diameter, 
papular, well-demarcated lesions that blanch partially with pres¬ 
sure, are located preferentially on nasal mucosa (68-100%), but are 
often seen on oral mucosa (58-79%), on the face (30-63%), chest or 
trunk (13-85%), upper extremities (25-67%), conjunctiva or retina 
(45%), and digestive tract (unknown percentage). They must be dif¬ 
ferentiated from the spider nevi in liver disease, senile angiomas, 
or venectasia. Pulmonary auscultation is helpful in localizing a 
murmur over the site of the PAVMs, which can be heard in 46% 
of patients. It usually increases in a standing position or any posi¬ 
tion that would bring some pressure on the malformation due to 
gravitation. Digital clubbing and cyanosis are seen in 39% and 34% 
of patients, respectively. The classical triad of PAVMs - dyspnea, 
cyanosis, and clubbing - is present in only 10% of patients (Puskas 
etal., 1993). 

The early recognition of symptoms and signs of PAVMs is 
mandatory as the mortality rate in patients with brain abscesses 
can be as high as 41%. Recurrent stroke may occur in patients 
with HHT patients until the correct diagnosis is made (Cohen 
etal., 2006). Untreated PAVMs have a propensity to provoke stroke 
and brain abscess, and are associated with a mortality of 4-22% 
(Dines etal., 1974,1983; Swanson ef al., 1999). Besides, an increase 
in existing PAVMs or the development of new malformations in 
pregnant patients with HHT represents a particularly high risk for 
hemorrhage in the chest (hemoptysis or hemothorax). In these 
circumstances, treatment must not be postponed. 

Diagnosis 

No international consensus has been reached on the best diagnos¬ 
tic tool for PAVMs. Until recently, patients suspected of harboring 
a PAVM usually had a measurement of the shunt fraction by the 
100% oxygen method. Then another examination, such as con¬ 
trast echocardiography or pulmonary angiography, was requested. 
Since the publication of more recent studies (Cottin etal., 2004; Lee 
et al., 2003) contrast echocardiography is the first recommended 
test in suspected patients to screen for PAVMs and to check for 
recanalization after treatment. The combination of an anteropos¬ 
terior chest radiograph and contrast echocardiography has the 
best diagnostic values as a screening test with a sensitivity of 100%, 
a negative predictive value of 100%, and a negative likelihood ratio 
of 0.04 (Cottin et al., 2004). The specific anatomy of the vascular 
malformation must then be analyzed either with helical CT or mag¬ 
netic resonance angiography (MRA). Digital subtraction angiog¬ 
raphy is eventually performed. 

Shunt fraction measurement 

The abnormal communication between pulmonary arteries and 
veins results in a right-to-left shunt that reduces Sa02- The frac¬ 
tion of cardiac output that is shunted can be measured. The nor¬ 
mal value should be <5%. The shunt fraction is high in most 
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PAVM patients (88-100%). The best method to assess shunt frac¬ 
tion, using the 100% oxygen method, is described by Gossage and 
Kanj (1998). Its sensitivity for detecting clinically relevant PAVMs 
is estimated to be 97%. As a screening test, its specificity is insuffi¬ 
cient, however. Pulse oximetry is also believed to be an inaccurate 
screening method, and its use is not recommended in this setting, 
whereas pulmonary function testing could be useful in assess¬ 
ing suspected cases of PAVMs. One study noted the presence of 
platypnea-orthodeoxia in selected patients (Dutton etal., 1995). 

Chest radiography 

The chest radiograph shows some abnormality in 98% of patients 
with PAVMs. In patients with HHT, chest radiography has been 
helpful in only 45% of patients (Cottin et al., 2007). Chest radio¬ 
graphs can be normal in patients with microvascular telangiec¬ 
tases. PAVMs appear as round or oval masses of uniform density, 
frequently lobulated but sharply defined, more commonly located 
in the lower lobes, and ranging from 1 to 5 cm in diameter. Only 
a minority of feeding vessels can be spotted on this examination. 
Their size ranges from 4 to 7 mm and very rarely exceed 20 mm. 

CT, MRI 

Three-dimensional helical CT yields an accurate analysis of the 
presence or absence of a PAVM and of the anatomical structure of 
the vascular malformation (Remy et al, 1994), and so provides a 
useful tool to decide on the most appropriate treatment. 

MRI can help to differentiate between an aneurysm within the 
PAVMs with a rapid blood flow resulting in low-intensity signals 
and other low signal intensity such as hematoma, cystic lesion, air 
cyst, or calcified lesion. Unfortunately, most PAVMs consist of a 
low-blood-flow lesion leading to a poor sensitivity of MRI (Gossage 
and Kanj, 1998). MRA is more sensitive andean detect quite reliably 
PAVMs >5 mm and feeding arteries >3 mm. Both examinations 
can be used in the follow-up to detect recurrences. 

In order to exclude cerebral arteriovenous malformations, 
patients with PAVMs should undergo a MRI with and without 
gadolinium. In case of a negative result, this examination does 
not need to be repeated, as most of these lesions are congenital. 

Pulmonary angiography 

Digital subtraction angiography (or conventional pulmonary 
angiography) remains the gold standard in the diagnosis of PAVMs. 
It is used after non-invasive diagnostic tools have indicated a high 
suspicion of PAVMs in a patient. It will give more information about 
the architecture of the lesion and will usually identify malforma¬ 
tions that may benefit from embolotherapy. 

Contrast echocardiography 

Contrast echocardiography is probably the most accurate method 
for identifying clinically relevant PAVMs. It has a sensitivity 
between 94% and 100% (Barzilai et al. } 1999), a specificity of 80% 
(Nanthakumar etal., 2001), and a negative predictive value of 93% 


(Cottin et al., 2004). Technically, a delay of 3-8 cardiac cycles is 
expected before contrast (produced by injection of 10 mL of agi¬ 
tated saline) is visualised in the left atrium. It is easily differenti¬ 
ated from intracardiac shunts in which the contrast reaches the 
left side of the heart within the first cardiac cycle. A new grading 
system has been proposed to predict the probability of a PAVM 
that would allow this examination to be used in a screening algo¬ 
rithm (Zukotynski etal., 2007). One problem might be that it may 
also detect clinically nonrelevant PAVMs (Lee etal., 2003). This is 
exemplified by examinations that remain positive after emboliza¬ 
tion therapy in quite a large number of patients (Lee etal., 2003), 
indicating that many patients have additional small PAVMs that 
are not detected by standard screening methods. 

Radionuclide perfusion lung scanning 

This technique has a few disadvantages as a screening test because 
of its cost and limited availability. Nevertheless, it shows a sensitiv¬ 
ity of 71-87% and a specificity of 61 % for the uncovering of residual 
PAVM after embolotherapy (Thompson et al., 1999). As opposed 
to other means of investigation, one notes that arterial blood sam¬ 
pling is not necessary and that shunt measurement during exercise 
is possible. These potential advantages may be applied to specific 
clinical situations. 

Transcranial Doppler ultrasonography 

The sensitivity of transcranial Doppler ultrasonography has been 
estimated to be 100% for PFO, whereas for intrapulmonary shunt it 
is 50%. Although reliable in demonstrating a right-to-left shunt in 
patients who have aPFO (Devuyst, 1999), saline contrast transcra¬ 
nial Doppler has not yet been used in a comparative study address¬ 
ing the screening methods to distinguish a pulmonary from an 
intracardiac shunt. It remains a useful procedure to assess the 
result of embolotherapy and follow up in patients at risk of recur¬ 
rence (Del Sette etal., 1998; Todo etal., 2004; Yeung etal., 1995). 

Transpleural Doppler ultrasound 

The demonstration of blood within the thoracic cavity and blood 
flow anomalies can be studied directly with Doppler ultrasound 
(Groves et al., 2004; Hsu et al., 2004). Although it is not a recom¬ 
mended screening test, it may contribute to the diagnosis in some 
cases. 

Treatment 

The aims of treatment are to prevent neurological complications 
and pulmonary hemorrhage and to improve hypoxemia. It is 
recommended that PAVMs that are symptomatic, progressively 
enlarging, or >2 cm in diameter should be treated. Medical ther¬ 
apy may be challenging in cases of neurological manifestations or 
concomitant prothrombotic disorders, as antiaggregants should 
be avoided in all individuals with HHT. There are no randomized 
data of medication for PAVMs. Hormones, danazol, octreotide, 
desmopressin, and aminocaproic acid have been used without 
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relevant success in epistaxis and gastrointestinal bleeding in 
patients with HHT. 

Surgery 

Surgery was the method of choice before any other treatment 
was available. Since the first embolotherapy in 1977, lobectomy 
or pneumonectomy is performed only in rare situations, such 
as in patients in whom the feeding artery is so short that there 
is a risk of coil migration. Thoracoscopic procedures render this 
approach less stressful and reduce the morbidity risk (Watanabe 
etal., 1995). Major complications following surgery include recur¬ 
rence of PAVMs, enlargement of undetected malformation, stroke, 
andincrease of pulmonary hypertension (Puskas etal., 1993). 

In cases where there are cerebral arteriovenous malformations 
larger than 1 cm in diameter, neurovascular surgery is preferred. 
It can be combined with stereotactic surgery or embolotherapy 
according to the size, location, or structure of the lesion. 

Embolization therapy 

Embolization therapy is applied for PAVMs with a feeding artery 
of at least 3 mm in diameter. This technique is carried out 
by transcatheter embolotherapy, which consists in obliterating 
the feeding artery. Several devices have been used to achieve 
this maneuver: metal coils (Lee et al. } 1997; White et al., 1988), 
Guglielmi detachable coils (Dinkel and Triller, 2002), the Amplatzer 
duct occluder (Ayed et al. , 2005; Beck et al. , 2006; Hinterseer et al., 
2006), vascular plug (Beck etal., 2006; Cil et al., 2006; Rossi et al., 

2006) , or detachable balloons (Barth et al., 1982;SalujaefaZ., 1999). 
Contrary to surgery, selective closure of the PAVMs preserves the 
unaffected branching vessels and lung parenchyma. The average 
success rate of immediate occlusion of PAVMs (98.7%) as well as 
the rate of persistent occlusion at 1 year (>85%) render this ther¬ 
apy quite attractive (Coley and Jackson, 1998; Dinkel and Triller, 
2002; Haitjema et al., 1995). About 70% of the cases benefit from 
this treatment, whereas the others undergo surgery (Cottin et al., 

2007) . 

Major complications occur in about 2% and include stroke, 
brain abscesses, systemic embolization (limb ischemia, bowel 
infarction), infection, or recanalization of occluded vessels (Mager 
et al., 2001). The most frequent minor complications (14%) are 
short time pleurisy and angina caused by air embolism, seg¬ 
mental or subsegmental lung infarction, or superficial femoral 
thrombosis. During the procedure, the reported risk of paradoxi¬ 
cal embolization of coils or balloons is about 2-4% (White et al., 
1988). Long-term results concerning new devices are not yet avail¬ 
able. All in all, due to the low morbidity and mortality, this method 
has become the first line of treatment for PAVM and may even 
be used in the later stage of pregnancy. In case of recanalization, 
the procedure should be repeated as long as the PAVMs remain 
detectable by radiography. 

Embolotherapy of PAVMs seems to decrease significantly the 
overall prevalence of migraine (Post et al., 2006), but further data 
are needed before such a treatment can be recommended for 


patients with migraine as the only indication for treatment of 
PAVMs. 


Prevention 

Due to the potential severity of infectious complications, antibi¬ 
otic prophylaxis before any dental or surgical procedure is recom¬ 
mended despite the lack of direct evidence. Although the pene¬ 
trance of the disease may vary, the risk of developing disabling 
complications in an affected member of a known HHT family 
is sizeable, with an incidence of PAVMs of approximately 35%. 
Therefore, international associations for PAVMs advocate that all 
children of a parent with HHT should undergo screening tests. 
Pulse oximetry is recommended for babies every 1-2 years in both 
lying and sitting positions, followed by contrast echocardiography 
if oximetry is <97% or if classical symptoms are present and for 
every child (12 years old or older) of HHT patients. Any abnormal 
contrast echocardiography will require a chest CT scan. 

For patients with a known and untreated PAVM, physical exam¬ 
ination and measurement of the artery blood gases is a yearly req¬ 
uisite, and unenhanced CT is recommended every 2-3 years in 
order to detect growth. Specific conditions such as pregnancy or 
puberty require stricter controls. The same examinations are per¬ 
formed annually after embolotherapy to detect recanalization. 

Dedication 

This chapter is dedicated to Dr Gerald Devuyst, who wrote this 
chapter in the first edition of this book. We hope that our work is up 
to his high scientific standards and that he would have appreciated 
this update. 
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HEREDITARY HEMORRHAGIC TELANGIECTASIA 
(OSLER-WEBER-RENDU DISEASE) 

Mathieu Zuber 


Hereditary hemorrhagic telangiectasia (HHT, also known as Osler- 
Weber-Rendu syndrome) is one of the most common autosomal 
dominant disorders. It is characterized by epistaxis, cutaneous 
telangiectasia, and visceral vascular malformations. 

The disease has been subject to under-reporting for many years. 
Careful epidemiological studies recently revealed an incidence of 1 
in 5000-8000 (Begbie etal., 2003). The degree of penetrance is high, 
but clinical manifestations are usually not present at birth and 
develop with increasing age: epistaxis, the earliest sign of disease 
in most individuals, often occurs during childhood, pulmonary 
arteriovenous malformations (PAVMs) becoming apparent from 
puberty, with mucocutaneous and gastrointestinal telangiectasia 
developing with age. It is considered that more than two thirds of 
patients will have developed some sign of HHT by the age of 16 
years, rising to more than 90% by the age of 40 years (Porteous etal., 
1992). Neurological symptoms occur in 10-20% of HHT patients 
(Adams et al., 1977; Begbie et al., 2003; Peery, 1987) and include 
infectious and vascular involvement of the central nervous system 
(CNS). 


Pathology 

Telangiectasia, the most prominent lesion of HHT, is defined 
by focal dilatations of postcapillary venules and some degree of 
perivascular lymphocytic infiltrate (Peery, 1987). As the telangiec¬ 
tasia develops, venules become more markedly dilated and con¬ 
voluted, with excessive layers of smooth muscle without elastic 
fibers. The connecting arterioles also become dilated and com¬ 
municate directly with the venules without intervening capillaries 
(Braverman et al., 1990). In addition to the telangiectases, HHT 
patients also present with arteriovenous malformations (AVMs) 
and arteriovenous fistulae (AVFs), which account for the most dev¬ 
astating clinical complications of the disease. The largest AVMs (up 
to several centimeters in diameter) occur in the lungs, liver, and 
CNS. Intracranial arterial aneurysms are exceptionally reported 
(Roman et al., 1978). The various vascular malformations may 
combine in the same patient. 

Three different phenotypes of vascular malformations have 
been differentiated in the CNS, including large fistulae charac¬ 
terized by a direct arteriovenous shunt without nidus but with a 
an ectatic draining vein, small AVMs with a nidal size between 1 
and 3 centimeters, and micro-AVMs with a nidus smaller than 
1 centimeter (Krings etal., 2005; Matsubara et al., 2000). There is 
no argument supporting a possible evolution of one type of CNS 


vascular malformation to another, but serial radiological studies 
are lacking. CNS malformations in HHT do not differ from those 
observed in non-HHT patients, both from the histological and 
angiographical points of view (Guttmacher et al., 1995; Krings 
etal., 2005). One single vein draining the lesion is the rule. Location 
of the malformation is almost exclusively near the surface of the 
CNS. PialAVFs are also reported (Garcia-Monaco etal., 1995). More 
than three cerebral AVMs in a single patient are rarely reported 
(Putman ef al., 1996). Recent studies highlight the age dependence 
of the different forms of phenotypical HHT appearances in the 
CNS. AVFs are most frequently discovered on angiography in chil¬ 
dren younger than 5 years, whereas small AVMs predominandy 
reveal in adolescents and micro-AVMs in young adults (Krings 
et al., 2005). Accordingly, it was suggested that maturity of the 
vessel is a determining factor of the disease manifestations, in 
addition to the presence of genetic mutations. Venules seem to be 
the initial target of the pathological process in all cases. 


Pathogenesis 

Important advances were made during the last decade in under¬ 
standing the molecular basis of HHT, which appears as a geneti¬ 
cally heterogeneous group of disorders. 

Since 1994 (McAllister etal., 1994), HHT was found to be related 
to mutations in at least two genes, endoglin and activin receptor¬ 
like kinase 1 (ALK1), that both encode proteins expressed predom¬ 
inantly on vascular endothelial cells. The two genes are localized 
on chromosomes 9 and 12, respectively, and mutations are respon¬ 
sible for the so-called HHT1 and HHT2 subgroups of the disease, 
respectively. Numerous distinctive mutations of each of the two 
genes may be responsible for the HHT phenotype. In a recent 
French series of 160 unrelated HHT patients, 100 different muta¬ 
tions (36 in the endoglin and 64 in ALK1) were observed (Lesca 
et al., 2004). There seems to be no definite relationship between 
the type of mutation and the phenotype of the disease (Begbie 
etal., 2003). Transgenic models have been generated (murine and 
mice), confirming that the mutations are causative for the disease 
(Bourdeau et al., 1999). Levels of proteins expressed in endothe¬ 
lial cells from the two genes are about half of the normal levels in 
HHT patients, supporting the view that the disease results from 
haplo-insufficiency (Begbie etal., 2003). 

Both endoglin and ALK1 play distinct roles in the transform¬ 
ing growth factor-beta signaling pathway. Transforming growth 
factor-beta is a complex of polypeptides that regulates several 
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fundamental pathways in cell development and takes part in vas¬ 
cular remodeling by controlling the extracellular matrix produc¬ 
tion (Marchuk ef al., 2003). Physiologically, endoglin and ALK1 
bind to the transforming growth factor-beta proteins and therefore 
influence angiogenesis. Alterations in the process lead to abnor¬ 
mal vessels and abnormal connections between vessels (Krings et 
al., 2005). 

Despite the recent advances in understanding the molecular 
basis of HHT, several issues remain. First, endoglin and ALK1 genes 
mutations are not responsible for all HFIT cases. Some patients 
are known to suffer from an FIFIT-juvenile polyposis overlap syn¬ 
drome due to specific mutations (Gallione el al., 2004). Recently, a 
new locus for HFIT was mapped to chromosome 5 (Cole et al., 
2005). Pulmonary involvement could be prominent in this so- 
called HHT3 subgroup of the disease. Second, the presentation 
of HHT may vary considerably from one patient to another, even 
in the same family (Begbie et al., 2003 Guttmacher et al., 1995). 
This suggests that genetic influences other than gene mutations 
or environmental factors play some important role in the manifes¬ 
tations of the disease. Depending on the timing of these triggers, 
one or the other of the vascular manifestations could dominate 
(Krings ef al., 2005). 

Extraneurological features 

Nasal and mucocutaneous telangiectases 

Epistaxis caused by spontaneous bleeding from telangiectases of 
the nasal mucosa appears to be the first complaint in 50% of 
affected patients and is often present in childhood. Recurrent epis¬ 
taxis (sometimes on a daily basis) is the most common symptom 
of HHT and present in 50-80% of affected patients (Begbie et al., 
2003; Haitjema et al., 1996). It can be severe, but most patients 
require no treatment other than iron supplementation, in order to 
avoid chronic anemia. 

Telangiectases of the skin and buccal mucosa occur in about 75% 
of individuals and are typically present later in life than epistaxis 
(Plauchuef al., 1989). They occur on the face, lips, tongue, palate, 
and fingertips. Telangiectasias of the tongue and of the lips should 
systematically be chased when HHT is suspected, because they 
can easily be overlooked or misinterpreted. The size and number of 
telangiectases progressively increase with patient age and become 
constant after the age of 60 years. The risk of hemorrhages parallels 
the anatomical progression (Peery, 1987; Plauchu ef al., 1989). 

Gastrointestinal involvement 

Recurrent gastrointestinal hemorrhages occur in up to 30% of 
patients with HHT (Kjeldsen and Kjeldsen, 2000). They do not usu¬ 
ally start until the fifth or sixth decade, and are related to mucosal 
telangiectases that are more common in the stomach and duode¬ 
num than in the colon. In a minority of patients, gastrointestinal 
angiography may find AVMs or aneurysms. Blood transfusions are 
seldom required. 

Liver involvement often remains asymptomatic (Garcia-Tsao 
et al., 2000). When multiple hepatic AVMs are present, portal 


hypertension and biliary disease may develop. Because of left- 
to-right shunting, high cardiac output leading to heart failure 
has been occasionally observed. Portosystemic encephalopathy 
is reported, particularly in cases of gastrointestinal tract bleeding 
(Roman etal., 1978). 

Pulmonary manifestations 

The prevalence of PAVM in series of HHT patients ranges from 
5% to 20% (Guttmacher et al., 1995; White et al., 1988). It could 
be more frequent in the HHT3 subgroup of patients (Cole et al., 
2005). Conversely, about 70% of all PAVMs occur in HHT patients 
(Begbie ef al., 2003). 

PAVMs predominate in the lower lobes, enlarge with increasing 
age, and often become symptomatic during the third or the fourth 
decade. Because of the direct right-to-left shunt and the consecu¬ 
tive arterial oxygen saturation decrease with hypoxemia, fatigue, 
dyspnea, cyanosis, or polycythemia may then occur. A wide range 
of hemorrhagic manifestations have been documented, from mild 
hemoptysis to catastrophic hemothorax (Hodgson et al., 1959; 
White et al., 1988). 

Non-invasive procedures such as finger oximetry and chest 
radiography are important tools for screening PAVMs in patients 
with HHT (Begbie et al., 2003; Haitjema et al., 1996). Because of 
the recent widespread development of helical CT, the technique is 
now routinely used to analyze architecture of the vessels, and has 
simplified the diagnostic approach (Love ef al., 1992). 

The most frequent and frightful complications of PAVMs are not 
local hemorrhages but CNS complications, in relation to paradox¬ 
ical embolism. Clearly, neurological complications are more fre¬ 
quent (about 40%) among HHT patients with PAVM than among 
those without PAVM (Fulbright et al., 1998; Roman ef al., 1978). 
Embolic cerebral events can occur regardless of the degree of res¬ 
piratory symptoms, and can be the revealing manifestation of a 
PAVM (Begbie etal., 2003). 

Neurological features 

Neurological complications in HHT are reported at all ages, with 
peak incidence in the third to fourth decades, and result from 
PAVMs (60%), vascular malformations from the brain (28%) and 
spinal cord (8%), and portosystemic encephalopathy (3%) (Roman 
etal., 1978). Depending on the mechanism and the location of the 
CNS involvement, numerous neurological symptoms are reported 
in HHT patients, including headache, syncope, focal deficits, focal 
and generalized seizures, vertigo, and diplopia. 

Neurological complications due to PAVMs 

Right-to-left shuntings due to PAVMs facilitate the crossing of 
septic and bland emboli into the cerebral circulation. A CNS com¬ 
plication may reveal not only a previously unknown PAVM but 
even the disease itself (Guttmacher etal., 1995; Hewes etal., 1985). 

When septic paradoxical emboli lodge within the CNS vas¬ 
culature, bacterial encephalitis, meningitis, abscess, or mycotic 
aneurysm may occur (Peery, 1987). Cerebral abscess is the most 


110 





Hereditary hemorrhagic telangiectasia (Osler-Weber-Rendu disease) 




Figure 17.1 MRI (a) and conventional angiography 
(b) showing a large spinal AVF in a 2-year-old boy 
with HHT. (Courtesy of Professor P. Lasjaunias.) 


frequent septic complication in HHT. The abscess is usually a soli¬ 
tary and supratentorial lesion (Dong etal., 2001; Thompson etal., 
1977). In a patient with recurrent cerebral abscesses, screening for 
HHT should be systematicallyperformed (Wilkins etal., 1983). The 
incidence of cerebral abscess in patients with PAVMs is estimated 
at 5% to 6% (Adams etal., 1977; Wilkins etal., 1983). 

Cerebral ischemic manifestations are severe complications of 
the paradoxical embolism in patients with HHT. Emboli most 
often provide from peripheral sites but may also, in case of large 
ectatic PAVM, develop locally on the walls of the malformation 
(Krings et al., 2005). Both transient ischemic attacks and strokes 
are reported (Albucher et al., 1996; Love et al., 1992; Neau et al., 
1987; Sisel etal., 1970). The middle cerebral artery seems to be the 
most frequent site of embolism. In a minority of patients, ischemic 
stroke is the initial manifestation of HHT (Albucher et al., 1996; 
Fressinaud et al., 2000; Love et al., 1992). Nevertheless, screening 
for HHT in a patient with a PAVM revealed by stroke may also be 
negative (Kimura etal., 2004). 

Apart from paradoxical embolism, two other mechanisms could 
favor cerebral ischemic manifestations in HHT patients, including 
blood hyperviscosity related to polycythemia and air embolism 
from the lung to the brain (Peery, 1987). The latter probably 
results from air seepage into the arterial circulation through the 
AVM wall during cough, and is associated with hemoptysis (Neau 


etal., 1987). Exceptionally, embolism from an associated intracra¬ 
nial carotid aneurysm is also suspected in a patient with HHT 
(Fisher andZito, 1983). 

Hemorrhagic neurological complications 

Approximately one third of the neurological complications in 
patients with HHT are consecutive to hemorrhages from cerebral 
or spinal vascular malformations, meaning that about 5% of all 
HHT patients are concerned. Prevalence of cerebrovascular mal¬ 
formations in HHT is estimated at 5% using only CT (White etal., 
1988), but it increases up to approximately 20% when MRI is per¬ 
formed (Fulbright et al., 1998). Nevertheless, false-negatives are 
reported with MRI as well (Willemse et al., 2000). Malformations 
that are not detected by MRI are thought to be from the micro- 
AVM type and bear a small, if any, risk of hemorrhage (Krings etal., 
2005). Larger cerebrovascular malformations are associated with 
a 1.4-2.0% risk of hemorrhage per year, a rate similar to the one 
observed in non-HHT patients (Ondra etal., 1990). Occasionally, 
symptoms due to a CNS malformation may be linked to throm¬ 
bosis of the venous pouch or to venous congestion with venous 
ischemia rather than vessel rupture (Yoshida et al., 2004). Sub¬ 
arachnoid hemorrhages induced by AVFs or arterial aneurysms 
are scarce (Garcia-Monaco etal., 1995). 
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Figure 17.2 Supra- and infratentorial micro-AVMs in a patient with HHT. 
(Courtesy of Professor P. Lasjaunias.) 


In a large, recent series of 50 consecutive HHT patients with 
CNS malformations explored by conventional angiography, a total 
of 75 vascular malformations was found, including 7 spinal cord 
AVFs, 34 cerebralAVFs, 16 smallAVMs, and 18 micro-AVMs (Figures 
17.1, 17.2, and 17.3) (Krings et al., 2005). Mean age at diagnosis 
was 2.2, years, 3.0 years, 23.1 years, and 31.8 years, respectively. 
Epilepsy (21%) and headache (12%) were the prominent initial 
symptoms. Bleeding was observed in only 11% of patients (Krings 
ef al., 2005). Cerebral malformations were supratentorial in most 
of the cases. Spinal arteriovenous fistula (AVFs) are often large and 
associated with a high risk of hemorrhage. Rapidly progressive 
para- or tetraplegia is the usual presentation, with hematomyelia 
visualized on MRI. 


Diagnosis criteria 

In the nineteenth century, the medical entity combining nose 
and gastrointestinal bleeding with mucocutaneous telangiecta¬ 
sia had been well recognized through the eponym Osler-Weber- 
Rendu syndrome or HHT. During the first part of the twentieth 
century, visceral AVMs were described and appeared as a corner¬ 
stone of the syndrome (Fuchizaki et al., 2003; Osier, 1901; Rendu, 
1896). Recently, international consensus diagnostic criteria (the 
so-called Curasao criteria) were proposed (Shovlin et al., 2000), 
including personal and familial information (Table 17.1). Such cri¬ 
teria are likely to be further refined as molecular diagnostic tests 
become available. It should be stressed that, considering the pro¬ 
gressive apparition of symptoms during life, no child of a patient 
with HHT can be informed he has no disease on clinical grounds 
only. 


Table 17.1 International diagnostic criteria of HHT (Shovlin 
et al., 2000) 


1- Epistaxis: spontaneous, recurrent nose bleeds 

2- Telangiectases, multiple and at characteristic sites: 

-lips 

- oral cavity 

- fingers 

-nose 

3- Visceral lesions such as: 

- gastrointestinal telangiectasia (with or without bleeding) 

- PAVM 

- hepatic AVM 

- cerebral AVM 

- spinal AVM 

4- Family history of first-degree relative with HHT according to 

these criteria 

HHT is: 

“definite” if three criteria are present 

“possible" or “suspected” if two criteria are present 

“unlikely" if fewer than two criteria are present 

Treatment of neurological complications and 
practical considerations 

Acute treatments for infectious or vascular CNS manifestations do 
not differ from those used in non-HHT patients. Complications of 
a PAVM can be limited if the condition is recognized and treated. 
In addition, treatment of the malformation with transcatheter 
embolotherapy has now proved to be safe. Accordingly, in order 
to prevent abscesses and ischemia, the tendency is now to screen 
putative HHT patients for PAVM (Begbie etal., 2003). When a spe¬ 
cific treatment is not decided, follow-up with helical CT should 
be regularly performed in order to detect any enlargement of the 
malformation (Guttmacher et al, 1995). Prophylactic antibiotics 
are recommended at the time of dental or surgical procedures. 

Various therapies for CNS AVMs have been proposed includ¬ 
ing surgical resection, stereotactic radiosurgery, embolization, or 
a combination of these treatments (Krings etal., 2005). The opti¬ 
mal treatment remains to be agreed upon, and probably has to 
be discussed for each individual patient. Uncertainties are sim¬ 
ilar to those in non-HHT patients with AVM (Stapf et al., 2006). 
There is complete paucity of data about the risk/benefit ratio 
for presymptomatic intervention in CNS neurovascular malfor¬ 
mations in HHT. Indeed, the management approaches markedly 
differ across countries. Agreement is roughly obtained on the 
one hand for micro-AVMs that do not tend to bleed, and on the 
other hand for large spinal fistulae that bear a high risk of hemor¬ 
rhagic complications (Krings etal., 2005). However, the question of 
whether HHT patients with no neurological symptoms should be 
systematically screened for cerebral AVMs remains hotly debated, 
remembering the potential risks and interventional modalities 
(Begbie et al., 2003). To sum up, screening is performed in most 
North American centers (Morgan etal., 2002) but not in European 
centers (Krings etal., 2005). 
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Figure 17.3 Conventional angiography (a) and CT angiography (b) showing the AVM nidus in the posterior cranial fossa of a patient with HHT. (Courtesy of Professor 
P. Lasjaunias.) 


During pregnancy, PAVMs may enlarge with an increased risk of 
hemorrhage (White etal., 1988), and the presence of a spinal AVM 
leads to contraindication of epidural analgesia. For these reasons, 
women with known HHT should be screened for PAVM and spinal 
AVF before conception, and optimal treatments decided on time. 

Finally, practitioners in charge of HHT patients should be con¬ 
vinced that the disease and its potential complications have to 
be carefully explained. The use of educational materials is recom¬ 
mended (Guttmacher etal., 1995). 
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CEREBRAL AUTOSOMAL DOMINANT ARTERIOPATHY WITH 
SUBCORTICAL INFARCTS AND LEUKOENCEPHALOPATHY 
(CADASIL) 

Hugues Chabriat and Marie Germaine Bousser 


Introduction 

Cerebral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy (CADASIL) (Tournier-Lasserve 
etal., 1993) is an inherited small artery disease of mid-adulthood 
caused by mutations of the NOCTH3 gene on chromosome 19 
(Joutel etal., 1996). 

The exact frequency of CADASIL remains unknown. The disease 
is not limited to white families and has been reported worldwide. 
In a consecutive series of 212 patients with lacunar stroke, the 
screening of mutations in exons 3,4, 5, and 6 of the NOCTH3 gene 
revealed only one affected patient. For patients with onset of lacu¬ 
nar stroke younger than 65 years with leukoaraiosis, the yield was 
estimated at 2%. The screening of mutations in exons 3 and 4 was 
negative in limited samples of subjects with stroke or dementia 
in the absence of selective criteria (Wang et al, 2000). Finally, 
based on a register for the disease in western Scotland, Ravzi 
et al. (2005) estimated that the prevalence in 2004 of NOCTH3 
gene mutation is about 4.14 per 100 000 adults in this population. 
This frequency is possibly largely underestimated. 

Clinical manifestations 

The first clinical manifestations in CADASIL are attacks of migraine 
with aura occurring between age 20 and 40 years (Chabriat et al., 
1997; Desmond et al., 1999; Dichgans et al., 1998). They are 
observed in 20-30% of patients. Ischemic manifestations are 
reported in 60-80% of patients, usually during the fourth and fifth 
decade. They can be associated with severe mood disturbances 
or seizures, most often in association with various degrees of cog¬ 
nitive impairment. Dementia is usually detected between 50 and 
60 years and is found nearly constant at the end stage of the dis¬ 
order (Chabriat etal., 1997; Desmond etal., 1999; Dichgans etal., 
1998). 

In contrast to migraine without aura, the frequency of which 
is identical to that estimated in the general population, migraine 
with aura is reported in 20-40% of CADASIL patients, a frequency 
four- to fivefold higher than in the general population. Migraine 
with aura is the predominating clinical feature in some families 
(Chabriat, Tournier-Lasserve et al., 1995) but is absent in others 
(Lv et al., 2004). The mean age at onset is between 28 and 30 years 
(Desmond etal., 1999; Vahedi etal., 2004), with a large range from 
6 to 48 years. Thus, attacks of migraine with aura may occur in 
some patients before the appearance of MRI signal abnormalities. 


In the largest series of Vahedi etal. (2004), the frequency of attacks 
appeared extremely variable among affected individuals, from two 
per week to one every 3-4 years. Triggering factors of migraine 
with aura are similar to those of migraine in the general popula¬ 
tion. The most frequent symptoms are visual, sensory, or aphasic. 
Motor symptoms are reported in one fifth of CADASIL patients who 
have attacks of migraine with aura. In contrast with the aura symp¬ 
toms reported in the general population, more than half of patients 
have a history of atypical aura such as basilar, hemiplegic, or pro¬ 
longed aura (Headache Classification Committee of the Interna¬ 
tional Headache Society, 1988). A few patients have severe attacks 
with unusual symptoms such as confusion, fever, meningitis, or 
coma (Feuerhake etal., 2002; Le Ber etal., 2002; Schon etal., 2003). 
Acetazolamide was found to reduce the frequency of attacks of 
migraine with aura in anecdotal cases (Fortezaeffl/., 2001; Weller et 
al., 1998). The pathophysiology of migraine with aura in CADASIL 
is still unknown. 

Ischemic manifestations are the most frequent clinical events in 
CADASIL: 60-85% of patients have had transient ischemic attacks 
(TIAs) or complete strokes (Bousser and Tournier-Lasserve, 1994; 
Chabriat, Vahedi et al., 1995; Dichgans et al., 1998; Singhal et al., 
2004). They occur at a mean age of 45-50 years (extreme limits 
from 20 to 70 years) (Chabriat, Vahedi etal., 1995,1997; Desmond 
et al., 1998; Dichgans et al., 1998). Age at onset does not differ 
between men and women. In a recent follow-up study, Peters 
et al. (2004) estimated the incidence rate of stroke at 10.4 per 
100 person-years. Two thirds of them are classical lacunar 
syndromes: pure motor stroke, ataxic hemiparesis, pure sen¬ 
sory stroke, sensory motor stroke (Chabriat, Vahedi et al., 1995). 
Other focal neurologic deficits of abrupt onset are less frequent: 
dysarthria (either isolated or associated with motor or sensory 
deficit), monoparesis, paresthesia of one limb, isolated ataxia, 
nonfluent aphasia, hemianopia (Chabriat, Vahedi etal., 1995). The 
onset of the neurological deficit can progress for several hours 
(Chabriat, Vahedi etal., 1995; Dichgans etal., 1998). Some neuro¬ 
logical deficits occur suddenly and are associated with headache. 
When they are transient, they can mimick attacks of migraine with 
aura. Vahedi etal. (2004) reported that 4/41 CADASIL migraine suf¬ 
ferers had attacks with sudden aura difficult to differentiate from 
ischemic events. TIAs and stroke may be observed in the absence 
of vascular risk factors (Chabriat, Tournier-Lasserve etal., 1995). 
However, in the largest and most recent series, one fifth of patients 
are hypertensive, 20-50% are current smokers or have an increased 
serum level of cholesterol (Peters etal., 2004; Singhal etal., 2004). 
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Higher median plasma homocysteine levels are also detected in 
CADASIL patients (Flemming et al, 2001). Singhal et al. (2004) 
recently reported 9% of 127 patients having hyperhomocysteine- 
mia and 4% with diabetes. Only current smoking at the time of the 
event was found to be associated with earlier onset of ischemic 
manifestations (Singhal et al., 2004). In contrast, the mutation site 
within the NOCTH3 gene does not seem to influence the age of 
onset or risk of ischemic events. In addition, the homozygous sta¬ 
tus for the mutation in the NOCTH3 gene does not seem to influ¬ 
ence the clinical presentation (Tuominen etal., 2001). 

Five to 10% of CADASIL patients have seizures, either focal 
or generalized (Desmond et al, 1998; Dichgans et al., 1998; 
Malandrini et al , 1997). They are usually reported in patients with 
a positive history of stroke. Epilepsy is usually well-controlled by 
current antiepileptic drugs. 

About one fifth of CADASIL patients have severe episodes of 
mood disturbances. Their frequency is widely variable between 
families (Chabriat, Vahedi etal., 1995,2000). These episodes can be 
inaugural and lead to misdiagnosis (Chabriat, Vahedi etal., 1995, 
2000). Few patients have severe depression of the melancholic 
type sometimes alternating with typical manic episodes suggest¬ 
ing bipolar mood disorder (Kumar and Mahr, 1997), although the 
NOCTH3 gene is not involved in familial forms of this disease 
(Ahearn etal., 2002). The location of ischemic lesions in the basal 
ganglia and the frontal location of white-matter lesions may play 
a key role in the occurrence of mood disturbances observed in 
affected individuals (Aylward et al, 1994; Bhatia and Marsden, 
1994). 

Cognitive impairment and dementia represent the second most 
frequent clinical manifestation in CADASIL. At the onset of the dis¬ 
ease, the cognitive profile is most often heterogeneous and usu¬ 
ally involves very few cognitive domains. The alteration of execu¬ 
tive functions is the most frequent deficit observed even in young 
patients and several decades before dementia. Executive dysfunc¬ 
tion was detected in all individuals between 35 and 50 years old 
in a recent series of 42 symptomatic patients (Buffon ef al., 2006). 
These cognitive changes are insidious at onset and may also appear 
a long time before TIAs or stroke (Lesnik Oberstein et al., 2003). 
The Wisconsin Card Sorting Test or the Trail Making Test is partic¬ 
ularly sensitive to detect early changes in executive performance 
(Taillia et al., 1998). With aging, cognitive decline becomes more 
homogenous with significant changes in all cognitive domains. 
Dementia is reported in one third of symptomatic patients at the 
late phase of the disorder. The frequency of dementia increases 
considerably with age. Thus, about 60% of patients older than 60 
years are demented, and more than 80% of deceased subjects were 
reported to be demented before death. When dementia is present, 
the neuropsychological deficit is usually extensive involving not 
only executive functions, attention and memory, but also reason¬ 
ing and language performances (Buffon etal, 2006). Dementia is 
often associated with apathy. Conversely, severe aphasia, apraxia, 
or agnosia is rare (Buffon etal., 2006; Peters etal, 2005). Dementia 
is observed in the absence of any other clinical manifestations in 
10% of cases (Buffon etal., 2006). 

Dementia is always associated with pyramidal signs. Gait diffi¬ 
culties are present in 90%, urinary incontinence in 80-90%, and 


pseudobulbar palsy in 50% of demented individuals. At the end 
stage of the disorder, CADASIL patients become bedridden. In a 
large retrospective study of 411 patients, Opherk efal. (2004) found 
that the median age at onset for inability to walk without assistance 
was 59 years in men and 62 years in women, and for becoming 
bedridden, 62 years in men and 66.5 years in women. 

CADASIL patients usually die after they develop the pulmonary 
complications of dysphagia (Chabriat et al., 1997; Opherk et al., 
2004). Age at death was found significantly lower in men than 
in women (median age 64.6 years vs 70.7 years) (Opherk et al., 
2004). In contrast to the normal median survival time observed in 
women, affected men may have a mean decrease of 5 years of their 
life expectancy (Opherk etal., 2004). 

Imaging investigations 

MRI shows on T2-weighted images widespread areas of increased 
signal in the white matter associated with focal hyperintensities in 
the basal ganglia, thalamus, and brainstem (Chabriat etal., 1998; 



Figure 18.1 (IA) Tl-weighted MRI from a patient, showing numerous 
low-signal subcortical lesions (left and right thalami, posterior limb of left 
internal capsule, right external capsule, and left temporo-occipital white 
matter). (IB) T2-weighted MRI showing corresponding areas of high signal, with 
a more diffuse increased signal in white matter. (IIA) Tl-weighted MRI from an 
asymptomatic subject, showing that the signal returned from white matter is 
abnormal, but no focal areas are seen. (IIB) T2-weighted MRI showing diffuse 
high signal intensity of the subcortical white matter. (From Tournier-Lasserve ef 
al., 1993, with permission. Copyright American Heart Association.) 
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Figure 18.2 MRI (Fluid-Attenuated Inversion Recovery [FLAIR] images), and three-dimensional T1 showing the characteristic bilateral signal changes in the 
subcortical white matter of CADASIL patients within the anterior part of temporal lobes. 


Dichgans et al, 1999). The extent of white-matter signal abnor¬ 
malities is highly variable. It increases dramatically with age. In 
subjects younger than 40 years, T2 hypersignals are usually punc¬ 
tate or nodular with a symmetrical distribution, and predominate 
in periventricular areas and within the centrum semiovale. Later in 
life, white-matter lesions are diffuse (Figure 18.1) and can involve 
the whole of white matter, including the U fibers under the cor¬ 
tex (Chabriat et al., 1998, 1999; Coulthard et al., 2000; Dichgans 
etal., 1999). The frequency of signal abnormalities in the external 
capsule (2/3 of patients) and in the anterior part of the temporal 
lobes (60%) is noteworthy (Figure 18.2) and particularly useful for 
differential diagnosis with other small-vessel diseases (Auer etal., 
2001; Markus etal., 2002; O’Sullivan etal., 2001). T2 hyperintensi¬ 
ties also can be detected in the corpus callosum (Coulthard etal., 
2000; Iwatsuki etal., 2001). Brainstem lesions predominate in the 
pons in areas irrigated by perforating arteries and can involve the 
mesencephalon (Chabriat etal., 1999). In contrast, the medulla is 
usually spared. 

On Tl-weighted images, punctiform or larger focal hypointen- 
sities are frequent in the same areas and are detected in about 
two thirds of individuals with T2 hyperintensities (Chabriat et 
al., 1998). They are observed both in the white matter and basal 
ganglia, but also in the brainstem, and correspond mostly to 
lacunar infarcts. The total load of such lesions appears signifi¬ 
cantly related to different scores of clinical severity (Chabriat et 
al., 1998). Numerous hypointensities on Tl-weighted images may 
also correspond to Virchow-Robin spaces, which are more fre¬ 
quent and extensive in CADASIL than in healthy subjects (Cumur- 
ciuc et al., 2006). Such MRI signal abnormalities within the tem¬ 
poral white matter in CADASIL and particularly within the sub¬ 
cortical white matter are considered as a characteristic feature 
of the disease (van Den Boom et al., 2002). Cortical or cerebel¬ 
lar lesions are exceptional. They have been observed in only two 
cases older than 60 years (unpublished data) and may be related 


to the involvement of medium-sized or large arteries (Choi etal., 
2005). 

On gradient-echo images or T2*-weighted images, microbleeds 
are easily detected in 30-50% of patients (Dichgans et al., 2002; 
Lesnik Oberstein et al., 2001; van den Boom et al., 2003). Only 
age was found to influence the occurrence of microhemorrhage 
in these small series of patients. 

Cerebral angiography obtained in 14 patients belonging to the 
first large series was found normal except in one patient who had 
several narrowings of medium-sized arteries (Chabriat, Vahedi et 
al., 1995). Since that date, isolated CADASIL patients with lumen 
irregularities mimicking angiitis have been detected (Engelter et 
al., 2002; Schmidley etal., 2005; Williamson etal., 1999). However, 
a high frequency of neurological worsening after angiography has 
been reported in large series of patients (Dichgans and Petersen, 
1997). 


Pathology 

Macroscopic examination of the brain shows a diffuse myelin pal¬ 
lor and rarefaction of the hemispheric white matter sparing the 
U fibers (Baudrimont et al., 1993). Lesions predominate in the 
periventricular areas and centrum semiovale. They are associ¬ 
ated with lacunar infarcts located in the white matter and basal 
ganglia (lentiform nucleus, thalamus, caudate) (Ruchoux et al., 
2002; Ruchoux and Maurage, 1997). The most severe hemispheric 
lesions are the most profound (Baudrimont et al., 1993; Davous 
and Fallet-Bianco, 1991; Ruchoux et al., 1995). In the brainstem, 
the lesions are more marked in the pons and are similar to the 
pontine ischemic rarefaction of myelin described by Pullicino 
etal. (1995). Small deep infarcts and dilated Virchow-Robin spaces 
are also associated with the white-matter lesions. The vessels close 
to these lesions do not appear occluded (Santa etal., 2003). 
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Figure 18.3 Vascular changes in small arteries of the white matter. 

Top-. Granular eosinophilic material in the media (hematoxylin and eosin 
stain x 284). Bottom-. Thickening and reduplication of the internal elastic 
lamellae (orcein stain x 284). (From Baudrimont ef o/., 1993, with permission. 
Copyright American Heart Association.) 

Microscopic investigations show that the wall of cerebral and 
leptomeningeal arterioles is thickened with a significant reduc¬ 
tion of the lumen (Baudrimont etal., 1993), so penetrating arteries 
in the cortex and white matter appear stenosed (Miao etal., 2004; 
Okeda etal., 2002). A distinctive feature is the presence of a granular 
material within the media (Figure 18.3) extending into the adventi¬ 
tia (Baudrimont etal., 1993; Bergmann etal., 1996; Desmond etal, 
1998;Filleyefa/., 1999; Gray etal, 1994; Mikolefa/., 2001; Ruchoux 
etal., 1995). The periodic acid-Schiff (PAS)-positive staining sug¬ 
gested the presence of glycoproteins; the staining for amyloid sub¬ 
stance and elastin is negative (Ruchoux etal., 1995; Ruchoux and 
Maurage, 1997). By contrast, the endothelium of the vessels is usu¬ 
ally spared. Sometimes, the smooth muscle cells are not detectable 
and are replaced by collagen fibers (Zhang etal., 1994). On electron 
microscopy, the smooth muscle cells appear swollen and often 
degenerated, some of them with multiple nuclei. There is a granu¬ 
lar, electron-dense, osmiophilic material (GOM) within the media 
(Gutierrez-Molina etal., 1994). This material consists of granules of 
about 10-15 nm in diameter. It is localized close to the cell mem¬ 
brane of the smooth muscle cells, where it appears very dense. 
The smooth muscle cells are separated by large amounts of this 


unidentified material. These vascular abnormalities observed in 
the brain are also detectable in other organs or territories (Ruchoux 
etal., 1995; Ruchoux and Maurage, 1997). The GOM surrounding 
the smooth muscle cells as seen with electron microscopy is also 
present in the media of arteries located in the spleen, liver, kid¬ 
neys, muscle, and skin and also in the wall of carotid arteries and 
the aorta (Robinson etal, 2001; Ruchoux el al., 1995; Ruchoux and 
Maurage, 1997). These vascular lesions can be detected by nerve or 
muscle biopsy (Goebel etal., 1997; Schroder etal., 1995). The pres¬ 
ence of the GOM in the skin vessels now allows confirmation of the 
diagnosis of CADASIL using punch skin biopsies (Chabriat ef al., 
1997; Ebkeeffl/., 1997; jenetal., 1997; Ruchoux etal., 1994,1995), 
although the sensitivity and specificity of this method have not yet 
been completely established. Joutel etal. (2001) proposed to use 
anti-lVOCTH3 antibodies to reveal the accumulation of NOCTH3 
products within the vessel wall in CADASIL patients as an alterna¬ 
tive diagnostic method. 


Genetics 

CADASIL is caused by stereotyped mutations of the NOCTH3 gene 
(Joutel etal., 1996). The NOCTH3 gene is expressed only in vascular 
smooth mucle cells (Joutel, Andreuxef al., 2000) of arterial vessels 
(Villa etal., 2001). It encodes a single-pass transmembrane recep¬ 
tor of a 2321-amino-acid protein, with an extracellular domain 
containing 34 epidermal growth factor (EGF) repeats (including 
6 cystein residues) and 3 Lin repeats associated with intracellular 
and transmembrane domains (Joutel etal., 1996,1997). Domenga 
ef al. (2004) recently showed that NOCTH3 is required specifically 
to generate functional arteries in mice by regulating arterial dif¬ 
ferentiation and maturation of vascular smooth muscle cells. 

The stereotyped missense mutations (Joutel ef al., 1996) or 
deletions (Joutel, Chabriat ef al., 2000) responsible for CADASIL 
are within EGL-like repeats and are located only in the extracel¬ 
lular domain of the NOCTH3 protein (Dotti ef al., 2005; Peters 
ef al., 2005). In 70% of cases, they are located within exons 3 and 
4, which encode the first five EGF domains (Joutel etal., 1997). All 
mutations responsible for the disease lead to an uneven number 
of cystein residues. 

The NOCTH3 protein usually undergoes complex proteolytic 
cleavages leading to an extracellular and a transmembrane frag¬ 
ment (Blaumueller etal. , 1997). After cleavage, these two fragments 
form a heterodimer at the cell surface of smooth muscle cells. In 
CADASIL, the ectodomain of the NOCTH3 receptor accumulates 
within the vessel wall of affected subjects (Joutel, Andreux ef al., 
2000). This accumulation is found near but not within the char¬ 
acteristic GOM seen on electron microscopy. It is observed in all 
vascular smooth mucle cells and in pericytes within all organs 
(brain, heart, muscles, lungs, skin). An abnormal clearance of the 
NOCTH3 ectodomain from the smooth muscle cell surface is pre¬ 
sumed to cause this accumulation (Joutel, Andreux ef al., 2000; 
Joutel, Lrancois etal., 2000c; Joutel and Tournier-Lasserve, 2002). 
The exact mechanisms underlying this phenomenon are not elu¬ 
cidated yet. 
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Diagnosis and treatment 

The diagnosis is confirmed by genetic testing or skin biopsy 
Genetic tests are initially focused on exons where the mutations 
are most frequent (Joutel etal., 1997). Peters etal. (2005) found 90% 
of mutations within exons 2-6. Diagnostic testing with immuno- 
staining using anti-NOCTH3 antibodies is an alternative method 
that seems easier than electron microscopy and particularly useful 
before initiating a complete screening of the gene in difficult cases 
(Joutel etal., 2001). As previously detailed, angiography with con¬ 
trast agents should be avoided because of possible neurological 
complications (Dichgans and Petersen, 1997). 

No treatment has been evaluated for CADASIL. Because 
CADASIL is a vascular disorder responsible for cerebral ischemic 
events, different authors prescribe aspirin for secondary preven¬ 
tion, but its benefit in the disease has not been shown. The 
occurrence of intracerebral hemorrhage in two anecdotal cases 
(Maclean et al ., 2005; Ragoschke-Schumm et al, 2005) and in 
one patient, at the time of death (Baudrimont et al., 1993), sug¬ 
gests that anticoagulant therapy may be dangerous in CADASIL. 
Whether this risk is related to the number of silent microbleeds 
is still unknown. For migraine, all vasoconstrictive drugs such as 
ergot derivatives and triptans are not recommended during the 
course of the disease. Treatment of migraine should be restricted 
to analgesic agents and nonsteroidal anti-inflammatory drugs. As 
reported for other ischemic diseases, rehabilitation procedures 
are crucial, particularly when a new ischemic event occurs. If 
stroke occurs at an early stage of the disease, recovery is often 
complete. Psychological support for the patient and family is cru¬ 
cial in this disorder, and genetic counseling and testing should 
be performed only at specialized centers that have the necessary 
experience. 
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CEREBROVASCULAR COMPLICATIONS 
OF FABRY'S DISEASE 

Panayiotis Mitsias, Nikolaos I. H. Papamitsakis, Colum F. Amory, and Steven R. Levine 


Introduction 

Fabry’s disease (FD), or angiokeratoma corporis diffusum, is a 
rare X-linked inherited disorder of glycosphingolipid metabolism 
(Desnick et al., 2001). Deficiency of a lysosomal hydrolase, a- 
galactosidase, leads to progressive accumulation of glycosphin- 
golipids (mainly ceramide trihexoside) in most visceral tissues and 
primarily in the lysosomes of the vascular endothelium. Progres¬ 
sive endothelial glycosphingolipid accumulation results in tissue 
ischemia and infarction, and leads to the major clinical manifes¬ 
tations of the disease (Desnick et al., 2001). The disease is geneti¬ 
cally heterogeneous, as it has been linked to multiple mutations in 
the a-galactosidase gene (Chen el al., 1998; Takenaka et al., 1996; 
Topaloglou etal., 1999). 

While the prevalence of FD has been estimated to be around 1 
in 40 000 males (Desnick etal., 2001), a recent study (Spada etal., 
2006) found 12 of 37104 consecutive male neonates with specific 
mutations in the a-galactosidase gene. This prevalence of 1 in 3 100 
males suggests a vast underdiagnosis of FD. 

Hemizygote males usually have characteristic skin lesions and 
angiokeratomas, and often have unexplained fever, acropares¬ 
thesias, episodic crises of excruciating pain, corneal and lentic¬ 
ular opacities, hypohidrosis, and cardiac and renal dysfunction 
(Desnick etal., 2001). Tinnitus and hearing loss are also very com¬ 
mon. Death usually occurs in adult life from renal, cardiac, and/or 
cerebral complications of their vascular disease (Desnick et al., 
2001 ). 

Heterozygote females either are asymptomatic or exhibit fewer 
signs and symptoms of the disease, although occasional females 
have been described with symptoms similar to males (Bird and 
Lagunoff, 1978). 

The neurological complications of FD include peripheral neu¬ 
ropathy, autonomic neuropathy, and cerebrovascular disease 
(Desnick et al., 2001). Heterozygotes usually present either with 
no symptoms (Desnick etal., 2001) or with milder manifestations 
of FD as compared to hemizygotes (Bird and Lagunoff, 1978). 
However, cerebrovascular manifestations are common in both 
the hemizygote and the symptomatic heterozygote groups. Fur¬ 
thermore, these manifestations may be the first indication of the 
disease: in a prospective study, 4% of patients (both hemizygotes 
and heterozygotes) with cryptogenic strokes had mutations in the 
a-galactosidase gene (Rolfs etal., 2005). 

In this chapter, we analyze the clinical, radiologic, and patho¬ 
logic features of hemizygote and heterozygote FD patients and 
cerebrovascular involvement based on our experience and a com¬ 


prehensive review of the literature (Archer, 1927;Bass, 1958; Becker 
etal., 1975; Bethune etal., 1961; Bird and Lagunoff, 1978; Brown, 
1952; Cable et al., 1982; Colley et al., 1958; Curry et al., 1961; 
De Groot, 1964; DiLorenzo et al., 1969; Grewal and Barton, 1992; 
Grewal and McLatchey, 1992; Guin and Saini, 1976; Hasholt etal., 
1990; Ho and Feman, 1981; Jensen, 1966; Kahn, 1973; Kaye et al., 
1988; Lou and Reske-Nielsen, 1971; Maisey and Cosh, 1980; Men- 
zies et al., 1988; Mitsias and Levine, 1996; Morgan et al., 1990; 
Moumdjian et al., 1989; Mutoh et al., 1988; Petersen etal., 1989; 
Pompenefa/., 1947; Roach, 1989; Schatzkiefa/., 1979; Scully etal., 
1984; Sher et al., 1978; Steward and Hitchcock, 1968; Stoughton 
and Clendenning, 1959; Tagliavinief al., 1982; Wallace and Cooper, 
1965; Wise etal., 1962; Zeluff ef al., 1978). 

Early diagnostic features 

The most consistent early symptoms of FD are episodic crises of 
pain, lasting for minutes to hours, mostly affecting the feet or the 
hands, usually precipitated by exercise, fever, or hot weather, and 
modified by acetophenacetin. The mechanisms responsible for 
production of the pain crises are not well known, but it is possi¬ 
ble that storage of glycophospholipids within the endothelial cells 
of the vasa nervorum, the perineural cells, or the dorsal root and 
autonomic ganglia can cause altered vasomotor reactivity, result¬ 
ing in a hypoxic state (Desnick etal., 2001). 

Anhidrosis, due to infiltration of lipids into the sweat glands and 
loss of unmyelinated nerve fibers innervating the sweat glands, 
usually complicates the problem of heat intolerance. 

The most often observed sign is the angiokeratoma, appearing 
in clusters within the superficial layers of the skin. They are usually 
first noted in the periumbilical area, the extensor surfaces of the 
elbows and knees, and the hip and genital areas (Desnick et al., 
2001 ). 

Ophthalmological examination typically reveals whirl-like, 
corneal opacities, dilatation and tortuosity of the conjunctival ves¬ 
sels, and abnormalities of retinal vessels (Desnick et al., 2001). 
These changes do not usually impair vision. (Figure 19.1). 

Clinical manifestations of cerebrovascular disease 

Male hemizygotes develop symptomatic cerebrovascular disease 
at a young age for stroke, usually in the fourth decade (mean 
age 32) (Mitsias and Levine, 1996). Hemiparesis, vertigo, 
dysarthria, diplopia, ataxia, hemisensory symptoms, nystagmus, 
and nausea and/or vomiting are the most common symptoms and 
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Figure 19.1 Abnormal conjunctival vessels in a man with Fabry's disease. See 
color plate. (Courtesy of Dr. Alan H. Friedman, MD., Department of 
Ophthalmology, The Mount Sinai School of Medicine). 


signs (Mitsias and Levine, 1996). Headache is rather infrequent, 
reported by 20% of patients (Mitsias and Levine, 1996). In the 
majority (58%) of patients, the presentation was consistent with 
vertebrobasilar territory ischemia, whereas the anterior circu¬ 
lation was definitely symptomatic in approximately 20% of the 
patients (Mitsias and Levine, 1996). 

Vascular dementia from penetrating small-vessel disease has 
also been described in patients with FD and should be a con¬ 
sideration in the evaluation of otherwise unexplained dementia, 
particularly in men younger than 65 years (Mendez etal., 1997). 

Heterozygote women develop symptomatic cerebrovascular 
disease usually a decade later than the hemizygotes (Mitsias and 
Levine, 1996). Memory loss, vertigo, ataxia, hemiparesis, depressed 
level of consciousness, hemisensory symptoms, and headache are 
the predominant symptoms and signs (Mitsias and Levine, 1996). 
In half of the patients, the clinical presentation was consistent 
with involvement within the vertebrobasilar territory, whereas in 
only 10% the carotid territory was definitely involved (Mitsias and 
Levine, 1996). Central retinal artery occlusion (ULsumi el al., 1997) 
and central retinal vein occlusion (Oto et al., 1998) have also been 
reported. 


Neuroradiologic findings 

A multitude of findings on head CT scans has been reported, 
ranging from completely normal results, to the presence of large 
superficial territorial infarctions, to multiple small deep infarcts 
in the cerebral hemispheres, brainstem, or cerebellum (Mitsias 
and Levine, 1996). In addition, dilatation and ectasia of the basi¬ 
lar or vertebral arteries are often seen in both hemizygotes and 
heterozygotes (Mitsias and Levine, 1996) (Figure 19.2). 



Figure 19.2 Unenhanced head CT from a heterozygote patient, demonstrating 
basilar artery dilatation and compression of the right side of the ventral pons. 



Figure 19.3 Head MRI (axial T2-weighted) from a hemizygotic patient, 
revealing ectasia of the basilar artery and a left cerebellar infarct. 

In a large series of patients with FD evaluated with serial head 
MRI scans, it was observed that patients younger than 26 years did 
not have visible lesions, whereas all patients older than 54 years 
had MRI-visible hyperintense lesions, typical for small-vessel dis¬ 
ease. Of all patients evaluated, 32% had no lesions (mean age 
36 years), 26% had white-matter lesions (mean age 43 years), and 
26% had lesions in both white and gray matter (mean age 47 years). 
Approximately one third of the patients with lesions on MRI had 
neurological symptoms (Crutchfield etal., 1998). In addition, other 
MRI reports indicated that prominent, ectatic, intracranial basal 
vessels maybe found (Mitsias and Levine, 1996) (Figure 19.3). 

Cerebral angiography could be normal. However, often 
dolichoectatic intracranial vessels, especially basilar or vertebral 
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Figure 19.4 Selective right vertebral artery catheter cerebral angiography from 
a heterozygous patient demonstrating an ectatic, tortuous vertebrobasilar 
system. 

arteries, and occasionally the internal carotid artery are seen in 
hemizygotic and heterozygotic patients (Mitsias and Levine, 1996) 
(Figures 19.4 and 19.5). 

In one study (Tedeschi et al. } 1999), proton magnetic reso¬ 
nance spectroscopy (MRS) imaging revealed that the ratios of 
Ai-acetylaspartate (NAA) to creatine (Cr)-phosphocreatine and 
NAA to choline were significantly decreased compared to con¬ 
trols, whereas the choline/Cr ratio was not different between FD 
patients and controls. These findings led to the conclusion that 
there is decreased NAA in FD patients, possibly due to either direct 
metabolic neuronal dysfunction or to diffuse subclinical ischemia 
leading to neuronal loss. This neuronal involvement extended 
beyond the areas of MRI-visible abnormalities. In another study 
(Marino et al., 2006), changes in NAA/Cr ratios were correlated 
with clinical measures of disability. This information could be of 
help in the assessment of potential therapeutic interventions. 

Diffusion tensor imaging (DTI), which measures the random 
translational motion of water molecules, can be used to evalu¬ 
ate the relative restriction of that movement in certain tissues 
(such as along axons) as well as to measure the general struc¬ 
tural integrity of brain parenchyma. In one study (Fellgiebel 
et al., 2006), DTI demonstrated increased mean diffusivity even 
in normal-appearing areas of the brain in patients with FD. It is 
possible that DTI could be used for early evaluation of cerebral 
pathology, although it is not yet clear what clinical significance 
can be attached to these findings. 

Positron emission tomography (PET) scanning has demon¬ 
strated increased resting cerebral blood flow distributed fairly 
evenly throughout gray and white matter (Moore et al., 2001). 
Despite the increase in blood flow, however, regional cerebral glu¬ 
cose metabolism is significantly decreased in the white matter of 



Figure 19.5 Conventional right carotid angiography from a hemizygotic 
patient, revealing tortuous and ectatic external and internal carotid arteries. 

FD patients (Moore et al., 2003). These findings suggest an under¬ 
lying local metabolic insufficiency stimulating global increased 
blood flow. 


Cerebrovascular pathology 

Neuropathologic autopsy findings are consistent with prior events 
of cerebral ischemia and, rarely, hemorrhage. Large, superficial 
cerebral hemispheric infarcts; multiple small, deep infarcts; and 
brainstem and/or cerebellar infarcts are often seen in hemizygotes 
and symptomatic heterozygotes (Mitsias and Levine, 1996). Intra¬ 
cerebral hemorrhage is rarely observed (Mitsias and Levine, 1996). 

The vessels of the Circle of Willis often appear thickened. 
Narrowing of the lumina and intracellular deposits in arteries and 
arterioles are additional findings. Dolichoectasia of the basilar and 
vertebral arteries, and less often of the carotid arteries, is a frequent 
finding in both hemizygotes and symptomatic heterozygotes 
(Mitsias and Levine, 1996). 


Ischemic cerebrovascular disease 

The majority of patients (male hemizygotes and symptomatic 
female heterozygotes) present with symptoms and signs related to 
vertebrobasilar ischemia, whereas symptoms due to anterior cir¬ 
culation involvement are relatively uncommon. This is in contrast 
with the general frequency of anterior versus posterior circulation 
cerebrovascular disease (Bamford etal, 1991; Bogousslavsky e/«/., 
1988), and suggests a general predilection for involvement of the 
arteries of the posterior circulation in FD. The combination of large 
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intracranial artery dolichoectasia, especially in the vertebrobasi¬ 
lar system (Colley etal., 1958; Mitsias and Levine, 1996; Petersen et 
al., 1989; Wallace and Cooper, 1965; Wise etal., 1962), and marked 
thickening and luminal compromise of the medium- and small¬ 
sized arteries (Jensen, 1966; Kahn, 1973; Lou and Reske-Nielsen, 
1971; Scully etal., 1984; Tagliavini etal., 1982) may cause reduction 
of blood flow and also stretching, distortion, and obstruction of the 
already stenotic basilar tributaries, thus resulting in brainstem or 
cerebellar ischemia (Nishizaki et al., 1986). Complete or partial 
thrombosis resulting in unilateral restricted pontine infarct in the 
territory of a penetrating artery, large bilateral pontine infarcts 
from basilar artery occlusion, cerebellar infarcts, or embolic infarc¬ 
tion of the occipital lobe or the thalamus have been observed in 
several patients with FD (Mitsias and Levine, 1996). 

Deep small cerebral infarcts, usually multiple, are also a fre¬ 
quent finding (Mitsias and Levine, 1996). The most likely underly¬ 
ing mechanism is progressive occlusion of the small intracranial 
arteries or arterioles, secondary to deposition of the glyco- 
sphingolipid in the vessel wall, as shown pathologically in sev¬ 
eral patients (Jensen, 1966; Lou and Reske-Nielsen, 1971; Schatzki 
et al., 1979; Tagliavini et al., 1982). Other risk factors (hyperten¬ 
sion secondary to renal involvement, diabetes mellitus, etc.) may 
also play a role, but the extent to which each of these factors con¬ 
tributes is unclear. However, uncontrolled hypertension is widely 
prevalent in patients with FD (Kleinert etal., 2006). 

Cardiac abnormalities are frequently encountered, and they can 
potentiallyleadto cardiogenic embolism. Coronary artery disease, 
due to deposition of the glycosphingolipid, resulting in prema¬ 
ture myocardial infarction (Scully et al., 1984; Wise et al., 1962; 
Zeluff et al., 1978), can cause left ventricular wall-motion abnor¬ 
malities, mural thrombus formation, and subsequent cardiogenic 
embolism. Valvular heart disease, especially of the mitral valve, 
is frequently encountered. Mitral valve prolapse is found in 54- 
56% of hemizygotes and 39-58% of heterozygotes (Goldman etal., 
1986; Sakuraba etal., 1986). The presence of glycolipid deposits in 
all the structures of the heart is one of the reasons for the increased 
incidence ofmitral valve prolapse in FD (Becker etal., 1975). Mitral 
valve prolapse has a role in cerebral ischemia (Avierinos etal., 2003; 
Barnett etal., 1980). 

Hypertrophic cardiomyopathy is known to complicate FD 
(Cohen etal., 1983; Yokoyama et al., 1987), especially in heterozy¬ 
gote women who exhibit a more severe form of cardiac disease 
(Goldman etal., 1986; Sakurabaefni., 1986).Hypertrophicobstruc- 
tive cardiomyopathy is associated with increased risk for stroke 
(Russel et al., 1991), especially when associated with atrial fibril¬ 
lation (Furlan etal., 1984; Nishide etal., 1983). 

Carotid artery atherosclerotic plaque appears to be less preva¬ 
lent in patients with FD when compared with controls. However, 
the intima-media thickness (IMT) is diffusely greater in patients 
with FD. Although increased IMT has been shown to be inde¬ 
pendently related to risk of ischemic stroke and coronary artery 
disease, it is not clear what clinical significance this finding of 
increased nonatherosclerotic carotid IMT has in patients with FD 
(Barbey etal., 2006). 

Impaired autonomic function in male (Cable et al., 1982) and 
female (Mutoh et al., 1988) patients with FD, presumably related 


Table 19.1 Mechanisms of brain ischemia in patients with FD 


1. Intracranial arterial dolichoectasia 

a. Complete or partial thrombosis of main arterial trunk 

b. Stretching, distortion, and obstruction of tributary vessels 

c. Artery-to-artery embolism 

2. Progressive occlusion of small arteries or arterioles secondary to 
deposition of glycosphingolipid in the vessel wall 

3. Cardiogenic embolism 

a. Wall-motion abnormalities secondary to ischemic heart disease 

b. Valvular heart disease, especially mitral valve prolapse 

c. Hypertrophic cardiomyopathy 

4. Impaired autonomic function 

a. Hypertension 

b. Hypotension 

5. Prothrombotic states 

a. Platelet activation 

b. Activation of endothelial factors 


to glycolipid deposition in the peripheral nervous system and 
vascular beds, is known to occur. The resulting severe ortho¬ 
static hypotension could lead to transient or permanent cerebral 
ischemia, especially in the presence of cerebral vessel occlusive 
disease (Dobkin, 1989). 

Prothrombotic states are not uncommon in patients with FD. 
Widespread endothelial abnormalities (Desnick et al., 2001) - 
related to tissue deposits of glycophospholipids, predominantly 
ceramide trihexoside, and to a lesser extent ceramide digalac- 
toside and the tissue blood type B substance - can lead to 
platelet activation. This has been demonstrated even in patients 
without a prior history of thrombotic episodes (Igarashi et al., 
1986). In addition, analysis of plasma from FD patients for mul¬ 
tiple endothelial factors reveals elevated concentrations of sol¬ 
uble intercellular adhesion molecule-1, vascular cell adhesion 
molecule-1, P-selectin, and plasminogen activator inhibitor; lower 
levels of thrombomodulin; and elevated levels of integrin CDIIb, 
compared to normal controls (DeGraba etal., 2000). Furthermore, 
up to 35% of all patients with FD have been discovered to have the 
Factor V Leiden mutation (Hughes and Mehta, 2005), and patients 
with FD with deep white-matter lesions on MRI are far more likely 
to have the same mutation (Altarescu etal., 2005). These findings 
are consistent with aprothrombotic state in FD patients, and could 
also provide markers of efficacy for therapeutic interventions in 
the disease (see Table 19.1). 

The vasculature itself is also abnormal in patients with FD. The 
nitric oxide pathway for regulation of vascular reactivity appears 
to be down-regulated, and the non-nitric oxide pathways emerge 
as the main regulators of endothelial reactivity (Altarescu et al., 
2005). Enhanced nitrotyrosine immunohistochemical staining in 
the cerebral and dermal vascular beds is consistent with increased 
oxidative stress (Moore etal., 2001), which may lead to continued 
vasodilation as well as accelerated atherosclerosis. Decreased lev¬ 
els of vitamin C and increased levels of myeloperoxidase in patients 
with FD also contribute to an inability to handle oxidative stress 
(Moore etal., 2004). 
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Intracranial arterial dolichoectasia 

In FD, in addition to cerebral ischemia, dolichoectatic intracra¬ 
nial arteries may also cause neurovascular compression syn¬ 
dromes. Triventricular hydrocephalus related to dolichoectatic 
basilar artery has been reported in hemizygotic (Kahn, 1973) 
and heterozygotic (Colley ef al., 1958; Maisey and Cosh, 1980; 
Wise et al., 1962) patients. Other presentations, including iso¬ 
lated third nerve palsy (De Groot, 1964), trigeminal neuralgia 
(Morgan et al., 1990), isolated eighth nerve dysfunction (De Groot, 
1964; Priiss et al., 2006; Wallace and Cooper, 1965; Wise et al., 
1962), and dysfunction of the hypoglossal nerve (Maisey and Cosh, 
1980) can also be attributed to compression of the individual 
nerves by dolichoectatic basilar or vertebral arteries. Optic atro¬ 
phy, observed in three patients (Steward and Hitchcock, 1968; 
Wallace and Cooper, 1965; Wise ef al., 1962), also can be attributed 
to compression of the optic nerve by a dolichoectatic supraclinoid 
segment of the internal carotid artery (Schwartz ef al., 1993). 

The deposition of the glycosphingolipid occurs in all areas of the 
body, but predominantly in the lysosomes of endothelial, perithe- 
lial, and smooth-muscle cells of blood vessels (DesnickefaZ.,2001), 
resulting thus in extensive vascular smooth muscle involvement 
and loss of structural integrity of the arterial wall, eventually lead¬ 
ing to the development of intracranial artery dolichoectasia. 

Intracerebral hemorrhage 

There are rare reports of intracerebral hemorrhage in hemizy- 
gotes (Bass, 1958; Wise et al., 1962) and heterozygotes (Steward 
and Hitchcock, 1968). Despite incomplete descriptions, it appears 
likely that this was a consequence of malignant hypertension sec¬ 
ondary to uremia. It is possible, however, that the degeneration of 
the cerebral vessels due to deposition of glycosphingolipid in the 
vessel wall strongly contributes to the development of this process. 

Outcome 

The majority (75%) of hemizygotic males presenting with cere¬ 
bral ischemia will eventually develop recurrent cerebrovascular 
events, and most of them more than one event (Mitsias and Levine, 
1996). In three quarters of patients, the recurrence will be in the 
vertebrobasilar territory (Mitsias and Levine, 1996). Intracerebral 
hemorrhage is rare as a recurrent event (Mitsias and Levine, 1996). 
The mean interval between the first cerebrovascular event and the 
first recurrence is 6.4 years (range 0-19 years) (Mitsias and Levine, 
1996). During follow-up time, approximately 50% of patients die 
within a mean interval of 8.2 years (67.4, range 0-20). In the major¬ 
ity of patients, death is directly linked to the cerebrovascular event, 
whereas others die of consequences of renal failure. 

The prognosis of symptomatic heterozygotes is also quite poor. 
One third die as a direct consequence of the initial cerebrovascular 
event, usually within 1 year of presentation with cerebrovascular 
disease (Mitsias and Levine, 1996). Reported causes of death are 
progressively deepening coma and pontine hemorrhage. Of the 
survivors, the vast majority (85%) develop recurrent cerebrovas¬ 
cular disease (Mitsias and Levine, 1996), almost always in the 


posterior circulation, and usually within 1-4 years (Mitsias and 
Levine, 1996). 


Management 

Treatment is far from satisfactory as no specific therapy for the 
cerebrovascular complications of FD is available. Administration 
of antiplatelet agents may help to prevent the atherosclerotic and 
thromboembolic effects of damage to the vascular endothelium, 
but experience with this approach is limited. In one study, admin¬ 
istration of ticlopidine significantly modihed platelet aggregation 
in patients with FD (Sakuraba et al., 1987), but whether this is 
of value in a clinical setting remains to be shown. Management 
of underlying cardiac dysfunction, and the use of oral anticoag¬ 
ulant agents (if there are conditions predisposing to cardiogenic 
embolism) should also be considered. 

In addition to correcting renal function, renal transplantation 
may also prevent the further development of vascular lesions, thus 
preventing cerebrovascular manifestations, by providing a source 
of normal enzyme for release into the circulation, although a report 
of progressive cardiac involvement despite successful renal allo¬ 
transplantation (Kramer etal., 1985) emphasizes the importance 
of long-term follow-up studies. Genetic counseling and prenatal 
diagnosis based on enzyme assay in amniocytes and chorionic villi 
(Kleijer etal., 1987) should be offered. 

Enzyme replacement therapy (ERT) with recombinant human 
a-galactosidase A clears endovascular deposits of globotriaosylce- 
ramide from the kidneys, heart, and skin of patients with FD with 
return to normal or near-normal histology on biopsy from each 
site (Eng et al., 2001). Renal function is also improved with ERT 
(Schiffman etal., 2001). Furthermore, uncontrolled hypertension 
is reduced with ongoing ERT (Kleinert et al., 2006), although this 
result may be secondary to the improvement in renal function. 
Current recommendations are that all patients diagnosed with FD 
should be treated with ERT as soon as clinical signs are observed 
(Desnick etal., 2003). 

The response to ERT in patients with cerebrovascular pathology 
is not well studied. The increase in nitrotyrosine staining seen in 
the cerebral vasculature is reversible with infusion of recombinant 
human a-galactosidase A (Moore etal., 2001), as is global cerebral 
hyperperfusion (Moore et al., 2002). In addition, ERT decreases 
regional cerebral blood flow (Moore et al., 2002). Vitamin C infu¬ 
sion also reduces cerebral blood flow in both control subjects and 
patients treated with ERT (Moore et al., 2004). However, these 
changes have not yet been shown to translate into clinical reduc¬ 
tions in cerebrovascular pathology. MRI studies show progression 
of white-matter lesion load despite ERT, although these patients 
did not show clinical neurologic progression (Ginsberg etal., 2006). 

The Mainz Severity Score Index (MSSI) is a scoring system devel¬ 
oped in order to describe the severity of disease in patients with 
FD as well as to monitor the response to treatment. It covers the 
general, neurologic, cardiologic, and renal manifestations of the 
disease. The MSSI has been validated in that patients with FD have 
significantly higher scores than do patients presenting with sim¬ 
ilar symptoms who were later demonstrated not to have FD. In 
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addition, MSSI scores go down in patients who have been treated 
and who have shown clinical improvement (Beck, 2006). 

Future directions 

A virus-producing cell line, producing high-titer recombinant 
retrovirus constructed to transduce and correct target cells, has 
been developed; skin fibroblasts from FD patients were infected 
with the recombinant virus, and secreted enzyme was observed 
to be taken up by uncorrected cells. Similar endogenous enzyme 
correction and a small amount of secretion, as well as uptake 
by uncorrected cells, were demonstrated in transduced immor¬ 
talized B-cell lines from FD patients. These observations lead to 
the possibility that corrected stem cells (and their progeny) from 
FD patients, after ex vivo transduction and reimplantation, may 
become a continuous source of secreted a-galactosidase A activ¬ 
ity in vitro. This then could be delivered and taken up by various 
target cell and tissue types (metabolic cooperativity) (Medin era/., 
1996). 

In a further move towards clinical utility of a therapeu¬ 
tic approach, cells originating from the bone marrow of FD 
patients and also healthy volunteers (isolated CD34+-enriched 
cells and long-term bone marrow culture cells, including non¬ 
adherent hematopoietic cells and adherent stromal cells) could 
be effectively transduced, demonstrating metabolic cooperativ¬ 
ity. Increased intracellular a-galactosidase A enzyme activity was 
demonstrated, as well as functional correction of lipid accumula¬ 
tion. These results demonstrate that a gene transfer approach to 
bone marrow cells could be of therapeutic benefit for FD patients 
(Ohsugi et al., 2000; Takenaka et al, 1999). It certainly remains 
to be shown whether the above-mentioned approaches could 
eventually become useful in the daily practice of etiologic treat¬ 
ment of FD and, therefore, primary prevention of cerebrovascular 
complications. 

The use of a knockout mouse model for reproducing the pathol¬ 
ogy of FD holds promise for understanding the vascular and cere¬ 
bral disturbances of FD. By using gene expression analysis, it 
is possible to gather information on the actual genetic environ¬ 
ment in the FD cells, as well as on the genetic responses following 
treatment. Furthermore, each individual tissue may be separately 
examined in this fashion. Although it remains to be seen exactly 
how this will affect clinical practice, our understanding of the 
complex consequences of single gene disorders will be enhanced 
(Moore et al., 2006). 

Low-density lipoprotein apheresis was used in one 39-year-old 
patient with FD who had had three prior ischemic cerebrovas¬ 
cular events. Not only were lipid levels reduced, levels of adhe¬ 
sion molecules, particularly p-selectin, were reduced, leading to a 
potentially less thrombotic state (Utsumi et al., 2006). This treat¬ 
ment, in addition to ERT, may reduce ischemic events, and needs 
to be studied in a controlled fashion. 
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MARFAN'S SYNDROME 

Luis Cunha 


Bernard Marfan described the disease that still bears his name at 
a meeting of the Medical Society of Paris in 1896. He presented the 
case of a 5-year-old girl called Gabrielle, pointing out what is still 
considered to be one of the hallmarks of the disease, her dispro¬ 
portionately long limbs. Further elucidation of the clinical features 
of the disease would be aggregated in the following decades. The 
more complex discussion on its causes and treatment still contin¬ 
ues today. 

Marfan’s syndrome is a connective tissue disorder responsible 
for an extensive and generalized malformation of organs and sys¬ 
tems (Pyeritz, 2000). The skeleton is disproportionately arranged 
and unstable, the eyes often have lens dislocations and are myopic, 
and a cystic disease of the lungs can be present. All the organic 
departments can be affected in different degrees, leading to mul¬ 
tiple medical problems. Nevertheless, defective formation of car¬ 
diac valves and blood vessels are the origin of the more serious 
occurrences in Marfan’s syndrome. 

Marfan’s syndrome is present in 1 in 5 000-10000 people, and 
both men and women of any ethnic group can be affected. 
The disease is an inherited disorder transmitted as a dominant 
trait, being sporadic in less than one fourth of the cases. A gene 
defect is located in the long arm of chromosome 15, in which 
a mutation in the FBN1 gene that encodes fibrillin-1 was first 
reported in 1991 (Kainulainen et al., 1990, 1991; Magenis et al., 
1991). Since then, more than 600 mutations have been identified, 
most of them causing marfanoid phenotypes or fragments of the 
Marfan’s syndrome phenotype. The FBN1 mutations include mis- 
sense and nonsense mutations, exon-splicing errors, and small 
genomic deletions. Only 12% of the mutations related to Marfan’s 
disease have been reported more than once in unrelated 
individuals. 

Other mutations, not related to fibrillin-1, have recently been 
described in Marfan patients (Mizuguchi et al., 2004). The 
so-called second locus for Marfan’s syndrome was mapped to 
3p24-25, and mutations of indehnite significance in transform¬ 
ing growth factor-alphap (TGF-alpha|3) are currently under 
investigation. 

Fibrillin-1 is a major component of the extracellular matrix and 
seems to offer the fibrillar structure for elastin deposition. Stud¬ 
ies of patients with Marfan’s syndrome show a decreased con¬ 
tent of hbrillin in microfibrillar fibers of skin and cultured fibro¬ 
blasts (Hollister et al. } 1990). Some clinical features, such as the 
ectopic lens and the cardiovascular malformations, are accepted 
as obvious consequences of the defective support tissue. Others, 
like bone overgrowth, are not so clearly explained by that model. 


Basic investigations and experimental models are still being 
pursued to better understand the pathology of Marfan’s disease 
and related disorders. 

Clinical features 

The clinical spectrum of Marfan’s syndrome is large and its com¬ 
plete extent has gradually been clarified. That was the origin of dis¬ 
tinct denominations during the last century (dolichostenomelia, 
arachnodactyly [long fingers], etc.) and, almost certainly, of the 
inclusion in clinical series of patients who had different diseases. 
Genetic definition of the Marfan’s entity allows a more precise 
identification of the cases, but is not a definite criterion for diagno¬ 
sis. Actually, the better studied FBN1 mutations can lead to several 
conditions related to Marfan’s syndrome, including myopia, mitral 
valve prolapse, aortic dilatation, and skin and skeletal anomalies 
(MASS), familial ectopia lends, familial aortic aneurysms and dis¬ 
sections, familial Marfan-like habitus, and so forth. So, Marfan’s 
syndrome diagnosis remains based on a careful clinical assess¬ 
ment of patients (American Academy of Pediatrics Committee on 
Genetics, 1996). A methodical exploration of the organic depart¬ 
ments and the hierarchic organization of the findings in major and 
minor criteria were proposed and are currently adopted. 

Skeletal system 

The skeletal peculiarities, particularly the long and thin extremi¬ 
ties, were first recognized by Marfan and were the core of his origi¬ 
nal description. An excessive length of the long bones, usually (but 
not always) resulting in tall stature, is one the most striking features 
of the Marfan’s patient. Pectus carinatum and pectus excavatum, 
the consequence of an excessive growth of ribs, are other major 
signals. Pes planus, arachnodactyly, scoliosis, and other vertebral 
deformities, are very often present. Joint laxity is common. 

Ocular system 

The eye abnormalities were described by Boerger only two decades 
after the Marfan communication. Ectopia lends, provoked by the 
lassitude or rupture of the suspensory ligaments of the lens, is one 
of the cardinal manifestations of the syndrome, present in nearly 
half of the cases and the single major ocular criterion. Increased 
axial length of the globe with myopia and a tendency to detach¬ 
ment of the retina are also common. 
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Figure 20.1 Aorta rupture and dissection in a Marfan's patient. 



Figure 20.2 Shortened and thickened elastic fibers (elastin and Alcian Blue 
200 x 2.5). 


Cardiovascular system 

Cardiovascular abnormalities, the other major component of 
Marfan’s syndrome, are the cause of the most damaging or even 
fatal complications of the disease. More than 90% of Marfan 
patients die from a cardiovascular complication. Surprisingly, 
these abnormalities were first described only in 1943, despite the 
fact that a dissecting aneurysm of the aorta was reported in asso¬ 
ciation with a left recurrent laryngeal nerve palsy as early as 1909. 

Dilatation of the ascending aorta with or without aortic regurgi¬ 
tation, and involving at least the sinuses of Valsalva or dissection 
of the ascending aorta, is the major criterion. Aortic root dilatation 
is present in 80% of cases (Hwa etal., 1993). The first identifiable 
enlargement can be seen as early as 10 years of age or as late as 
the sixth decade. Aorta and large arteries are unusually wide and 
fragile, even in very young patients, and can rapidly progress to 
aneurysms and aneurysm dissection. The main histologic abnor¬ 
mality affects the aortic media, which presents with a severe loss 
of elastic fibers in advanced forms (Figures 20.1 and 20.2). 

Mitral valve prolapse affects two thirds of the patients, and mitral 
regurgitation and cardiac rhythm abnormalities are very often 


associated. Mitral valve lesions, as well as the more rare dilata¬ 
tion of the pulmonary artery and dilatation or dissection of the 
descending aorta, are minor criteria of the disease. 

Other findings 

Lumbosacral dural ectasia is present in 60% of the patients hav¬ 
ing back pain, and is a major criterion when confirmed by CT or 
MRI. Emphysema and pneumothoraces, related to the fragility of 
support tissues, are common. Also frequent are recurrent hernias, 
striae atrophicae, and other skin signs. All the pulmonary and skin 
manifestations are considered minor criteria. Other major criteria 
are a positive family and genetic history. 

The final diagnosis of Marfan’s syndrome requires a minimal 
cluster of the signals mentioned. In the absence of family history, 
final diagnosis requires the presence of major criteria in two organ 
systems and involvement of a third organ system. No cerebrovas¬ 
cular manifestation is considered to contribute to the diagnosis. 
Nevertheless, the occurrence of a cerebrovascular event during 
the natural course of Marfans syndrome is possible. Secondary 
placement of neurological manifestations relates to their lower 
frequency, because the most dramatic consequences of cardio¬ 
vascular anomalies are not expressed primarily by neurological 
syndromes. 

The cerebral complications of Marfan's syndrome 

An estimate of the risk of developing a cerebrovascular event in 
Marfan’s syndrome is entirely elusive, both in general and for a 
particular patient. Severity of the vascular malformations differs 
from patient to patient and, in the worst cases, the chance of a dis¬ 
astrous event is largely related to other than neurological causes. 
Two main causes underlie the neurological complications of 
Marfan’s syndrome. 

Dissection of the ascending aorta, and the carotid and 
vertebral arteries 

The first reference to a neurological complication in a Marfan’s 
patient was in 1909 and consisted of a recurrent laryngeal paraly¬ 
sis. It was not a stroke or other vascular occurrence, but its cause 
was a dissecting aneurysm of the aorta. Since then, most refer¬ 
ences to cerebrovascular events relate to the presence of an arte¬ 
rial malformation: dilatation, aneurysm, or dissection, extending 
from the aorta (Schievink etak, 1994b) or occurring independently 
in the internal carotid (Schievink et al. } 1994a) or vertebral arteries 
(Youl etal., 1990). 

Embolic mechanisms 

Valvular dysfunction and disturbances of cardiac rhythm can pro¬ 
duce embolic strokes basically no different from any other embolic 
stroke. Intracerebral aneurysms and aneurysmal rupture have for 
a long time been considered frequent complications of Marfan’s 
syndrome. The controversy has not been resolved but has come 
closer to a conclusion: there is an excess of aneurysms in Marfan’s 
syndrome (Schievink et al., 1997) but not an excess of subarach¬ 
noid hemorrhages (van den Berg etal., 1996). 
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Other neurological complications 
of Marfan's syndrome 

Other neurological complications have been described in Mar¬ 
fan’s syndrome. Particular attention must be given to spinal 
defects, particularly at the craniospinal junction. As many as 54% 
of patients with Marfan’s syndrome have increased atlantoax¬ 
ial translation, and a radiographic prevalence of 36% for basilar 
impression was described in the same population (Hobbs et al., 
1997). Distinct varieties of headaches (Fukutake etal., 1997; Zam- 
brino etal., 1999) and other craniofacial manifestations (Nagatani 
et al., 1998) have been related to spinal and vascular anomalies. 

Diagnostic considerations 

Despite the advances in the genetics of Marfan’s syndrome, a sim¬ 
ple diagnostic test does not exist. Diagnosis of Marfan’s syndrome 
is difficult and remains based on clinical criteria (De Paepe etal., 
1996). Unfortunately, clinical appearance varies greatly among 
affected people, and, in the absence of familial history (15-20% of 
the cases) and congenital ectopia lentis (perhaps the most specific 
trait of the syndrome), considerable risk of misdiagnosis exists. 

Homocystinuria is the main condition to be distinguished from 
Marfan’s syndrome. Both diseases can present with skeletal defor¬ 
mities, eye defects, and vascular disease. However, patients with 
homocystinuria have a high frequency of mental retardation; 
homocystinuria is transmitted as a recessive trait and can be iden¬ 
tified by specific tests. 

Congenital contractural arachnodactyly, like Marfan’s syn¬ 
drome, is a dominant inherited disorder. The habitus is marfanoid, 
and cardiovascular defects, although somewhat different, may be 
also present. Ocular anomalies may be present (Huggon et al., 
1990) or not (Ramos Arroyo et al., 1985) but, if present, are not as 
serious. 


Prognosis and treatment 

A complete physical examination, focusing on the systems affected 
by the disorder, is crucial for diagnosis, but equally is the most 
effective way to follow the progress of the malformations. In the 
absence of corrective treatment for the basic defect of Marfan’s 
syndrome, the malformations tend to progress continuously, so 
the principal concerns in the management of these patients are 
the early identification of functional and structural defects and 
implementation of corrective measures. Some basic protective 
procedures and careful medical management that can greatly 
improve the prognosis and lengthen the life span, are listed below. 

1. Lifestyle adaptations, such as the avoidance of strenuous 
exercise 

2. Monitoring of the skeletal system, especially during childhood 
and adolescence 

3. Annual echocardiogram to monitor the size and function of the 
heart and aorta 

4. Regular ophthalmologic evaluation, including slit-lamp eye 
examination 


Early manifestations are associated with the worst prognosis (Gray 
etal., 1998). In particular, cardiac valvular defects present at birth 
bear a severe prognosis. Nevertheless, life expectancy was esti¬ 
mated to have increased from 37 to 61 years between 1972 and 
1995, largely because of advances in medical and surgical treat¬ 
ment. Beta-blockers to reduce aortic stress, and cardiovascular 
surgery, are specifically directed to patients with aortic dilata¬ 
tion. There is some evidence that beta-blockers slow aortic root 
growth, decrease rates of cardiac events, and improve survival. 
An aortic diameter greater than 50-60 mm (or, in children, dou¬ 
bling its normal dimension) is critical and makes a decision on 
the surgical repair of the vessel urgent. Concerning when to per¬ 
form elective surgery on Marfan’s syndrome patients who have 
dilatation of their ascending aortas, a number of factors should be 
considered, including the diameter of the aortic root (Kim et al., 
2005). 

The approach to valvular dysfunctions is basically analogous to 
that to similar conditions in non-Marfan patients, including recon¬ 
structive surgery and valvular replacement. Heart transplantation, 
with or without replacement of aortic and pulmonary vessels, is 
proposed in the neonatal period. 

Anticoagulation is indicated for patients who have graft surgery. 
Antibiotics are recommended before dental or genitourinary treat¬ 
ment in patients who have mitral valve prolapse or artificial heart 
valves or in those who have had aortic surgery. 


The future 

The main defective component of connective tissue, the fibrilllin, 
and the functional and structural modifications with which it oper¬ 
ates, have been investigated for the last decades. Some hundred 
mutations in the critical gene for fibrillin have been discovered. 
Other abnormalities in the structural or functional components 
of cells and organic systems have been identified and scrutinized. 
Prenatal diagnosis is now available for some families, at least for 
those families in which a mutation in the fibrillin gene has been 
shown. Experimental models have been delineated and are now 
available (Pereira etal., 1997). 

However, there are currently no prophylactic or curative medi¬ 
cal treatments for the crucial Marfan’s anomalies. The optimistic 
idea that the comprehension of genetic determinants of a disease 
would be the last step for a logical and easy treatment lacks con¬ 
firmation in Marfan’s syndrome, and we are probably far from the 
possibility of genetic intervention. This makes the managment of 
the disease largely based on early diagnosis of complications and 
correction, chemical or surgical, of the functional and structural 
defects. 

Additional progress in understanding genetics and biochem¬ 
ical defects and in the elucidation of the ultimate mechanisms 
related to malformations in Marfan’s syndrome are expected in 
the near future. Then, perspectives will be no different than 
usual: an easy and effective test for prenatal and presymptomatic 
diagnosis and a treatment effective in the prevention or eradi¬ 
cation of the disease by acting on the genes responsible (Gott, 
1998). 
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PSEUDOXANTHOMA EIASTICUM 

Louis R. Caplan and Chin-Sang Chung 


Introduction 

Pseudoxanthoma elasticum (PXE) is an inherited connective tis¬ 
sue disorder, characterized predominantly by skin, eye, cardiac, 
and vascular abnormalities. Hypertension is common, and ele¬ 
vated blood pressure and vascular lesions often lead to strokes 
and damage to many body organs. 

The skin manifestations were first described by the French der¬ 
matologist Rigal in 1881. Two Swedish physicians, Gronblad (an 
ophthalmologist) and Strandberg (a dermatologist), in 1929 recog¬ 
nized that the skin findings were accompanied by angioid streaks 
in the retina. PXE is often referred to as Gronblad-Strandberg dis¬ 
ease after these two physicians. 

Prevalence and inheritance 

About 1 in 25 000-100 000 individuals have PXE (Laube and Moss, 
2005; Neldner, 1993; Schievink etal., 1994; Viljoen, 1993). There 
is an approximately 2:1 female preponderance (Laube and Moss, 
2005). The genetics are complex: two autosomal recessive and two 
autosomal dominant forms have been described (Schievink etal., 
1994). Most patients probably have the autosomal recessive form 
(Neldner, 1993). Patients with the autosomal dominant form may 
develop more severe vascular disease. 

The genetic defect has now been mapped to the ABCC6 gene on 
chromosome 16pl3.1 (Bergen etal., 2000; Laube and Moss, 2005; 
Ringpfeil et al., 2000). The ABCC6 gene encodes multidrug resis¬ 
tance associated protein 6 that belongs to the ABC (ATP binding 
cassette) transmembrane transporter family of proteins (Laube 
and Moss, 2005). Genetic studies have identified about 60 muta¬ 
tions as well as large deletions in the gene (Laube and Moss, 2005). 
The biological effect of this genetic defect is still not known. Curi¬ 
ously, patients with B-thalassemia seem to have an unexpectedly 
high frequency of PXE (Aessopos etal., 1989,1997). 

Clinical findings and organ involvement 
Skin 

The characteristic skin lesions are linear, round, or oval yellow- 
orange elevated skin lesions that resemble xanthomas (Viljoen, 
1993). The flexor surfaces are most often involved. The face, neck, 
axilla, and the antecubital, inguinal, and periumbilical regions 
contain the most frequent skin lesions (Neldner, 1988,1993; Strole 


and Margolis, 1983). The skin in affected regions can become 
thickened and grooved resembling course-grained leather. Later 
the skin becomes lax and redundant (Lebwohl, 1993). Figure 21.1 
shows an example of very abnormal redundant lax skin within the 
upper arm of a patient with PXE (Mayer et al., 1994). 

The lips show similar lesions. The mucosa of the palate, buccal 
region, vagina, and rectum may also show typical xanthomas. In 
some patients the skin abnormalities are very subtle, and abnor¬ 
malities can only be definitively shown by biopsy (Lebwohl etal., 
1993). The same process that affects mucocutaneous surfaces can 
also affect other regions that contain elastic fibers. Endoscopy 
sometimes shows similar lesions in the gastric mucosa and within 
the gastrointestinal tract (Strole and Margolis, 1983); the process 
also may involve the endocardium and the heart valves (Lebwohl 
etal., 1982). 

The skin and mucosal abnormality consists of very abnormal 
elastic tissue. Biopsy early in the course of illness shows irregu¬ 
larity, fragmentation, and clumping of elastic fibers in the skin. 
Calcification of the abnormal mucocutaneous regions develops 
later. Penicillamine treatment can produce skin abnormalities 



Figure 21.1 Very abnormal wrinkled, lax, redundant skin with a cobblestone 
appearance in the upper arm of a patient with PXE. (From Mayer et al., 1994 
with permission.) 
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Figure 21.2 Fundus photographs of angioid streaks in patients with PXE. 

(a) Large angioid streak (white arrows) in the patient whose skin is shown in 
Figure 21.1. A macular scar is also present. (From Mayer et al., 1994 with 
permission.) (b) Large tortuous angioid streak (curved black arrows) in a 
patient with PXE. 


indistinguishable from those found in PXE (Bolognia and Braver- 
man, 1992). 


Eye 

The most characteristic and diagnostic feature of PXE is the angioid 
streaks found in the retina. The streaks are red-brown or gray, are 
usually wider than veins, and radiate from the optic disc (Strole and 
Margolis, 1983). The retinal streaks are thought to be the result of 
cracks or ruptures in Bruch’s membrane, which has been weak¬ 
ened by disruption of elastic fibers. Figure 21.2 shows two exam¬ 
ples of angioid streaks. Figure 21.3 shows a fundus photograph 



Figure 21.3 Funduscopic (a) and fluorescein angiographic (b) findings of a 
patient with PXE. Angioid streaks (arrow heads, a) radiating from the optic disk 
and mottling of the temporal retina are conspicuous. Angioid streak represents 
the rupture of Bruch's membrane. Notice the development of choroidal 
neovascular membrane (arrows , a and b) secondary to angioid streak. See 
color plate. (Image courtesy of Professor Se Woong Kang, MD, Sungkyunkwan 
University School of Medicine, Seoul, Korea.) 


after a fluorescein angiogram that shows the cracking well. The 
angioid streaks radiate outward from the disc like spokes on a tire. 
Autofluorescence photography of the fundus shows the angioid 
streaks quite well (Sawa etal., 2006). 

Another fundoscopic finding seen in some patients with PXE is 
a speckled, yellowish mottling of the posterior pole of the retina 
temporal to the macula. This appearance has been dubbed “peau 
d’orange” because it resembles the skin of an orange. This find¬ 
ing is attributed to changes in the retinal pigmented epithelium 
overlying a calcified and degenerating Bruch’s membrane. This 
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finding may be present even before the appearance of angioid 
streaks (Gomolin, 1992). 

Chorioretinal scarring, hemorrhages, pigmentary deposits, and 
macular degeneration also occur, and many patients with PXE 
have diminished visual acuity. PXE may also cause infarction of the 
optic nerve related to abnormalities in its posterior ciliary artery 
blood supply (Murthy and Prasad, 2004). About 85% of patients 
with PXE have angioid streaks (Pessin and Chung, 1995). 

Angioid streaks also occur in other conditions. Patients with 
sickle cell anemia and Paget's disease of bone often have 
angioid streaks when ophthalmoscopy is thoroughly performed 
(Clarkson and Altman, 1982; Lebwohl etal., 1993; Neldner, 1988). 
Angioid streaks have occasionally been described in patients with 
hyperphosphatemia, Ehlers-Danlos syndrome, lead poisoning, 
trauma, idiopathic thrombocytopenic purpura, and pituitary dis¬ 
eases (Lebwohl etal., 1993). 

Heart 

Cardiac abnormalities are common and may dominate the clinical 
presentation. Cardiac manifestations relate to premature coronary 
artery disease and to endocardial abnormalities. Coronary artery 
disease with resulting angina pectoris, myocardial infarction, and 
sudden death are common and may occur at quite a young age 
(Lebwohl etal., 1993). Some patients have an ischemic cardiomy¬ 
opathy. Histological examination of coronary artery specimens in 
patients with PXE shows loss of elastic tissue, fragmentation of the 
internal elastic membrane, and calcifications between the intima 
and media (Wiemer etal., 2003). 

Abnormalities in the elastic tissue of the endocardium can pro¬ 
duce dramatic cardiac findings. Huang et al. (1967) described 
thickened mitral valves, mitral annular calcification, and mitral 
stenosis in patients with PXE. The abnormal mitral valve can 
show fragmentation, coiling, and disruption of collagen bundles 
(Davies et al., 1978). Lebwohl et al. (1982) reported a high fre¬ 
quency of mitral valve prolapse in patients with PXE who had 
echocardiography. 

The elastic tissue abnormalities also can cause dramatic cal¬ 
cification of the endocardium and a restrictive cardiomyopathy 
(Navarro-Lopez et al., 1980; Rosenzweig et al., 1993). Echocar¬ 
diography may show diastolic dysfunction in patients with PXE 
(Nguyen etal., 2006). Rosenzweig etal. (1993) described a woman 
with PXE who had extensive mitral annulus calcification. The cal¬ 
cification extended from the mitral valve into the left ventricular 
endocardium. The entire left atrium was encircled with calcific 
endocardial plaques. A 5-mm mobile calcific lesion was attached 
to the junction of the left atrial appendage and the left atrium 
(Rosenzweig etal., 1993). 

Gastrointestinal tract 

Gastrointestinal hemorrhages are quite common in patients with 
PXE (Laube and Moss, 2005), and are often the presenting symp¬ 
tom. Superficial mucosal and intestinal erosions and a diffuse 
gastritis are the result of vascular lesions. Gastroscopic exami¬ 
nation may show yellow cobblestone-like changes in the gastric 


mucosa. Examination of gastric tissue removed at surgery and 
autopsy show mucosal and submucosal capillaries, and veins 
may be dilated. Small and medium-sized arteries show degenera¬ 
tive abnormalities that predominantly involve the internal elastic 
lamina (Kaplan and Hartman, 1954; Strole and Margolis, 1983). 
Angiography of abdominal arteries may show tortuosity with nar¬ 
rowing and occlusions. Microaneurysms and angiomatous mal¬ 
formations also occur (Strole and Margolis, 1983). Abdominal 
angina and ischemic bowel disease occasionally develop. 

Aorta and peripheral blood vessels 

The aorta may be involved and show aneurysmal dilatation. 
Peripheral limb arteries are often calcified. Intermittent claudica¬ 
tion is common. Extremity arteries may become firm on palpation, 
and plain x-rays may show calcification. Hypertension is also very 
common in patients with PXE and often contributes to the cardiac 
and cerebrovascular pathology. 

Cerebrovascular disease 

Premature occlusive cervicocranial disease and aneurysmal sub¬ 
arachnoid hemorrhage are the two cerebrovascular problems 
directly attributable to PXE. The carotid arteries are thicker and 
more elastic in patients with PXE than in controls as judged by 
ultrasound analysis (Kornet etal., 2004). Intimal-medial thickness 
is increased, as are distensibility and compliance. These abnor¬ 
malities are posited to be related to fragmentation of elastic fibers 
and accumulation of proteoglycans in the vessel wall (Kornet 
etal., 2004). 

Rios-Montenegro etal. (1972) described a patient with PXE who 
had a moyamoya-like syndrome of bilateral, internal carotid artery 
occlusion at the skull base associated with a “rete-mirabile" of 
abnormal small vessels. Their patient also had a carotid-cavernous 
fistula. Koo and Newton (1972) also reported a patient with PXE 
and a carotid ‘rete mirabile.’ Internal carotid artery and basilar 
artery occlusive disease has also been reported (Goto, 1975; Iqbal 
et al., 1978; Sharma et al., 1974; Tay, 1970). The occlusive lesions 
can be extracranial or intracranial (Schievink et al., 1994). Brain 
ischemic symptoms most often develop in the fifth or sixth decade 
of life, but occasional patients develop cervicocranial occlusive 
disease in their twenties. Some patients with PXE show tortuosity 
and ectasia of the neck arteries on angiography (Schievink et al., 
1994). 

Some patients with PXE show the common complications 
of hypertension - intracerebral hemorrhages, multiple lacunar 
infarcts, and microvascular disease of the Binswanger type (Mayer 
etal., 1994). Cerrato etal. (2005) described a patient with multiple 
white matter lesions of the Binswanger type who had no recog¬ 
nized neurological symptoms or signs. 

Mayer etal. (1994) reported two women with PXE who had mul¬ 
tiple strokes and extensive white matter abnormalities on MRI. 
Both of these patients had longstanding hypertension. Pavlovic 
et al. (2005) reported three patients with lacunes and extensive 
white matter abnormalities; two of the three had slight hyper¬ 
tension. I have cared for a patient with angioid retinal streaks, 


137 




Uncommon Causes of Stroke 


blindness, pseudobulbar palsy, gait abnormalities, dementia, and 
Binswanger-like abnormalities on MRI who had PXE and hyper¬ 
tension. Hypertension is common in patients with PXE. It is dif¬ 
ficult in patients with Binswanger-like abnormalities, PXE, and 
hypertension to knowhow much of the abnormalities, if any, relate 
directly to PXE and how much are attributable to the hypertension. 

Aneurysm formation and subarachnoid hemorrhage (SAH) have 
also been reported in patients with PXE. Some of the aneurysms 
are located within the cavernous sinus, and patients have pre¬ 
sented with cranial nerve palsies rather than SAH. Kito et al. 
(1983) reported a 37-year-old woman with PXE who ruptured an 
aneurysm that arose from the thoracic portion of the anterior 
spinal artery. 

Dissections have occasionally also been reported in patients 
with PXE, but it is not certain if the association is a chance one. The 
frequency of dissection in patients with PXE does not approach 
that known for Ehlers-Danlos syndrome and Marfan's syndrome. 
Josien (1992) described a 17-year-old boy who had PXE and a cer¬ 
vical vertebral artery dissection. One patient of Mokri etal. (1979), 
with a spontaneous cervical, internal carotid artery dissection, 
had an angioid retinal streak. 
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EHLERS-DANIOS SYNDROME 

E. Steve Roach 


The Ehlers-Danlos syndromes (EDS) are a group of connective 
tissue diseases classically characterized by fragile or hyperelas¬ 
tic skin, hyperextensible joints, vascular lesions, and easy bruis¬ 
ing and excessive scarring after an injury (Beighton, 1993). Based 
on the clinical manifestations, inheritance pattern, and (in some 
cases) specific collagen defects, there are at least 10 subtypes 
of EDS (Byers, 1994). Exact categorization is not always possible 
because of overlapping clinical features and because there is sub¬ 
stantial phenotypic variability even among patients with the same 
subtype (Byers et al., 1979). More than 80% of EDS patients have 
types I, II, or III. Most individuals with cerebrovascular compli¬ 
cations, however, have type IV EDS, which occurs in 1 in 50 000- 
500 000 individuals (Byers, 1995). 

All confirmed cases of type IV EDS have shown autosomal domi¬ 
nance (Beighton, 1993; Germain and Herrera-Guzman, 2004). Ear¬ 
lier reports of autosomal recessive transmission may be due to 
parental mosaicism (Byers, 1994). Affected patients have abnor¬ 
mal production of type III procollagen, which is the major collagen 
type in blood vessels, bowel, and uterus (Germain and Herrera- 
Guzman, 2004; Gilchrist era/., 1999; North era/., 1995). Numerous 
mutations of the COL3A1 gene on chromosome 2, including point 
mutations, exon skipping mutations, and multi-exon deletions, 
have been described. All result in abnormal type III procollagen 
that causes tissue to be thin and friable (Byers, 1994; Cikrit era/., 
2002; Pepin et al., 2000). Characteristic facial features and/or easy 
bruising are described in some individuals (Schievink, 1997), but 
neither hyperelastic skin (Figure 22.1) nor hyperextensible joints 
are prominent features of type IV EDS, and diagnosis is often 
delayedin these patients until major vascular complications occur. 

Intracranial aneurysm, carotid-cavernous fistula, and arterial 
dissection result from EDS type IV, and the likelihood of these 
complications increases steadily with increasing age. (Oderich 
etal., 2005). Summarizing 220 individuals with EDS type IV, Pepin 
et al. (2000) noted that 25% of the patients developed one or more 
vascular complications by age 25 years and that 80% had a vas¬ 
cular complication by age 40 years. This complication rate was 
higher than that reported by North etal. (1995), who identified 20 
cerebrovascular complications in 19 of 202 individuals with type 
IV EDS from 121 families in which the diagnosis was confirmed 
by molecular or biochemical studies. Outside the central nervous 
system, spontaneous hemorrhage, aneurysms, arterial dissection, 
bowel perforation, and uterine rupture are major causes of mor¬ 
bidity and mortality in patients with type IV EDS (Bergqvist, 1996; 
Freeman etal., 1996; Peaceman and Cruikshank, 1987). 


The diagnosis depends on recognition of the typical clinical 
findings and, for type IV, demonstration of defective synthesis of 
type III collagen. A family history of sudden unexplained death 
(especially during childbirth) or of spontaneous hemorrhage, 
major hemorrhage from relatively minor trauma, hemorrhagic 
complications during surgery, or bowel rupture may be important 
clues to the diagnosis in individuals with subtle findings. 

Aneurysms 

Rubinstein and Cohen (1964) first reported the occurrence of 
intracranial aneurysms due to EDS in a 47-year-old woman with 
aneurysms of both the internal carotid and vertebral arteries. 
Numerous patients with extracranial and intracranial aneurysms 
have since been reported, including several individuals with mul¬ 
tiple intracranial aneurysms (Krog et al., 1983; Mirza et al., 1979; 
North etal., 1995; Schievink etal., 1990). The internal carotid artery 
is the most likely site of aneurysm formation, typically in the cav¬ 
ernous sinus or just as it emerges from the sinus (Figures 22.2 and 
22.3). Aneurysms occur in most of the other intracranial arter¬ 
ies as well (Imahori et al., 1969). Rupture of an intracavernous 
carotid aneurysm to create a carotid-cavernous fistula or rupture 
with subarachnoid hemorrhage is the most common presenta¬ 
tion. Rupture of the aneurysm can occur spontaneously or during 
vigorous activity (McKusick, 1972; North et al., 1995; Rubinstein 
and Cohen, 1964; Schievink etal., 1990). 



Figure 22.1 Cutaneous hyperelasticity of the anterior chest in a patient with 
EDS. Reproduced from Roach (1989) with permission. 
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Figure 22.2 A patient with multiple intracranial aneurysms due to type IV EDS. A. Left internal carotid angiogram shows two adjacent aneurysms (arrows). B. Right 
vertebral angiogram demonstrates another large fusiform aneurysm with saccular component at the tip of the basilar artery. C. Magnetic resonance angiogram, 
frontal projection, reveals two aneurysms ( arrows) of the left internal carotid artery. D. The Tl-weighted magnetic resonance scan with gadolinium showed the 
vertebral artery aneurysm (arrows) plus incidental cerebellar hypoplasia. 
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Figure 22.3 An 18-year-old with a family history of EDS type IV presented with 
headache. A. Coronal CT with contrast reveals a giant aneurysm (arrow) of the 
right intracavernous carotid artery. B. Coronal Tl-weighted magnetic resonance 
scan shows bilateral intracavernous carotid aneurysms (arrows). C. Right 
internal carotid angiogram shows the giant aneurysm of the intracavernous 
carotid artery. 


Although aneurysms are common in individuals with EDS 
type IV, relatively few patients with intracranial aneurysms have 
hereditary connective tissue disorders (Grond-Ginsbach et al., 
2002). Mutations of the COL3A1 gene are rare in unselected 
patients with cerebral aneurysms (Hamanoef al., 1998;Kuivaniemi 
et al. } 1993). Aneurysms occasionally occur in people with EDS 
type I (Krog et al., 1983) or with Marfan’s syndrome (Hainsworth 
andMendelow, 1991; Stehbens etal., 1989). Giant aneurysms have 
been reported in Marfan patients (Finney etal., 1976; Hainsworth 
and Mendelow, 1991; Matsuda et al., 1979), and, as with EDS 
type IV, these lesions tend to affect the intracranial portion of the 
internal carotid artery. Occasional reports of berry aneurysms in 
Marfan patients (Stehbens etal., 1989) could be coincidental. 

Carotid-Cavernous Fistulas 

Graf (1965) described two EDS patients with a spontaneous 
carotid-cavernous fistula, and numerous patients have subse¬ 
quently been reported (Chuman etal., 2002; Debrun et al., 1996; 
Pollock etal., 1997; Schievinkefa/., 1991; Zimmerman ef al., 1994). 
Symptoms sometimes develop after minor head trauma (Krog 
etal., 1983), but most occur spontaneously. The patient may report 
periorbital swelling, blurred or double vision, pain, and pulsatile 
tinnitus. Clinical findings include proptosis, chemosis, abnormal 
ocular motility, tortuous episcleral vessels (from arterialized blood 
flow), elevated intraocular pressure, and retinal venous engorge¬ 
ment. Vision may be lost if the fistula is not treated. 


141 







Uncommon Causes of Stroke 



Figure 22.4 A 28-year-old woman with EDS type IV. A. Her left internal carotid 
angiogram revealed a carotid-cavernous fistula and an enlarged, tortuous 
internal carotid artery (single arrow). The superior orbital vein (double arrows) 
is markedly dilated. B. The fistula has been occluded with platinum coils. 

Most carotid-cavernous fistulae in EDS patients result from rup¬ 
ture of an internal carotid artery aneurysm within the cavernous 
sinus (direct fistula) (Vox etal., 1988; Graf, 1965; Schievink ef al., 
1991). Schoolman and Kepes (1967) describe bilateral carotid- 
cavernous fistulae in a 39-year-old woman with EDS. At autopsy 
she had fragmentation of the internal elastic membrane and 
fibrosis of portions of the carotid wall. Similar fragmentation of 
the internal elastic membrane was recorded by Krog and col¬ 
leagues (1983) along with several arteries with microscopic rup¬ 
tures between the media and adventitia. 

The fistula is most reliably demonstrated by catheter angiogra¬ 
phy (Figure 22.4). However, the vascular fragility of type IV EDS 
makes both standard angiography and intravascular occlusion of 
the fistula difficult (Beighton and Thomas, 1969). Driscoll and col¬ 
leagues (1984) reported the perforation of the superior vena cava 
during intravenous digital angiography, and other patients have 
developed localized hematomas or cutaneous tears at the site of 
catheter insertion. Complications of diagnostic angiography may 
be as high as 67%, and 6-17% of patients die from the procedure 
(Cikrit ef al., 1987; Freeman ef al., 1996; Schievink ef al., 1991). 
Consequently, Magnetic resonance angiography or computed 
tomographic angiography are generally preferable to catheter 
angiography for initial diagnosis. 

Endovascular embolization (Figure 22.4) is the procedure of 
choice for treating carotid-cavernous fistulae, and this proce¬ 
dure has also been successful in some EDS patients (Desal et al., 
2005; Forlodou ef al., 1996; Halbach ef al., 1990; Kanner ef al., 
2000; Schievink etal., 1991; Zimmerman etal., 1994). Others have 


reported death as a direct complication of the embolization pro¬ 
cedure or occurring in the days to months following a successful 
procedure, due to complications of the disease (Halbach ef al., 
1990; Horowitz ef al., 2000; Pollock ef al., 1997; Schievink ef al. } 
1991). Although vascular complications are common in individu¬ 
als with EDS type IV who undergo angiography or surgery, these 
procedures can be done successfully (Mirza ef al., 1979; Oderich 
etal., 2005). In some individuals, transvenous access to occlude the 
cavernous sinus and superior ophthalmic vein may be safer than 
transarterial balloon occlusion (Zimmerman etal., 1994). Still oth¬ 
ers may require “trapping” of the fistula by occlusion of the carotid 
artery proximal and distal to the fistula. 

Arterial Dissections 

It is not surprising that EDS patients develop arterial dissections. 
Surgeons have likened the tissue of these patients to wet blotting 
paper (Schievink et al., 1990). During surgery, the arteries fail to 
hold sutures, and handling the tissue leads to tears of the artery or 
separation of the arterial layers (Sheiner et al., 1985). Dissection 
has been documented in most of the intracranial and extracranial 
arteries, and the clinical presentation depends primarily on which 
artery is affected. Carotid dissection may cause ipsilateral ocu- 
losympathetic paresis and headache. One patient with a vertebral 
artery dissection developed a painful, pulsatile mass in the neck 
(Edwards and Taylor, 1969). Dissection of an intrathoracic artery 
can secondarily occlude cervical vessels (Hunter et al., 1982), and 
cerebral infarction distal to a carotid dissection has been reported 
(Pope etal., 1988). 

Carotid dissection and rupture within the cavernous sinus leads 
to a carotid-cavernous fistula in some patients. One of Grafs 
(1965) patients had a very tortuous, dilated, internal carotid artery 
ipsilateral to the carotid-cavernous fistula. Several years later, at 
autopsy, she had multiple arterial aneurysms but no evidence of an 
intracavernous carotid aneurysm (Imahori et al., 1969). Another 
patient with a carotid-cavernous hstula died from a dissection of 
the abdominal aorta; an autopsy revealed multiple smaller dissec¬ 
tions in the abdomen, but the carotid-cavernous fistula was clearly 
caused by a true aneurysm with an interruption of the internal elas¬ 
tic lamina (Lach etal., 1987). Dissection of intra-abdominal, pelvic, 
intrathoracic, cervical, and intracranial carotid arteries often fol¬ 
lows diagnostic or therapeutic angiography and is a major cause 
of morbidity and mortality with these procedures. 

Segmental narrowing of the lumen is the classic angiographic 
sign of arterial dissection (Schievink et al., 1990), but subtle nar¬ 
rowing may be difficult to demonstrate in patients with tortuous 
vessels (Graf, 1965). Distinguishing an arterial dissection from a 
true aneurysm can be difficult (Edwards and Taylor, 1969). Because 
of the risk of angiography in EDS patients, the need for an arteri¬ 
ogram must be weighed carefully. Magnetic resonance angiogra¬ 
phy may be less accurate but is undoubtedly safer. 

Despite justifiable concern about the risk of arterial manipu¬ 
lation and angiography in these patients, balloon occlusion has 
been successful in some patients (Fox et al., 1988; Kashiwagi 
etal., 1993). Surgery is also difficult because the arteries are friable 
and difficult to suture (Edwards and Taylor, 1969; Krog etal., 1983). 
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Summary 

Patients with EDS type IV have abnormal production of type III 
collagen, the major collagen type found in blood vessels. The cere¬ 
brovascular complications include intracranial aneurysms, arte¬ 
rial rupture, carotid-cavernous fistulae, and arterial dissections. 
The intracranial internal carotid artery is the most common site 
for an aneurysm, and rupture of the internal carotid artery within 
the cavernous sinus can create a direct carotid-cavernous fis¬ 
tula. The fragile arteries make angiography and surgery difficult, 
but some patients have had successful surgery or endovascular 
treatment. 
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PROGERIA 

E. Steve Roach, Irena Anselm, N. Paul Rosman, and Louis R. Caplan 


Introduction 

Progeria is a rare condition characterized by premature aging 
beginning in very early life and invariably ending in premature 
death. The term progeria is derived from pro meaning before and 
geras meaning old age. The original report of this condition was by 
Jonathan Hutchinson (1886). Hastings Gilford (1904) later restud¬ 
ied Hutchinson’s two patients and dubbed the disorder progeria. 
Thus, progeria is often been called the Hutchinson-Gilford proge¬ 
ria syndrome (HGPS) after these early observers. Clinical manifes¬ 
tations involve the skin and appendages, the joints, and blood ves¬ 
sels causing coronary and cerebrovascular disease during youth 
(DeBusk, 1972). 

Based on clinical descriptions and, more recently, genetic anal¬ 
yses, several progeroid syndromes have been defined in addition 
to progeria itself (Hofer et al. } 2005). The manifestations of these 
conditions vary, but each has some clinical features that resem¬ 
ble physiologic aging (Navarro et al. } 2006) and a variable risk of 
stroke. Progeroid disorders fall into two main categories: (1) dis¬ 
orders resulting from mutations of the LMNA gene coding for the 
nuclear membrane protein lamin A (e.g. progeria and mandibu- 
loacral dysplasia [MAD]), and (2) disorders resulting from abnor¬ 
mal DNA repair (e.g. Werner syndrome). 

Genetics of progeroid syndromes 

Progeria is caused by a mutation of the LMNA gene on chromo¬ 
some 1 q (Delgado etal., 2002; Eriksson ef al. , 2003). The LMNA gene 
encodes lamin A and C, filamentous structural proteins found in 
the nuclear lamina (Caoska etal., 2004; Fong, et al., 2006; Huang, 
et al. , 2005). A mutation within exon 11 of LMNA accounts for about 
80% of the individuals with progeria (McClintock et al., 2006). In 
progeria, the LMNA mutation results in the accumulation of a 
lipid-modified (farnesylated) prelamin A ( progerin ), impairing the 
nuclear membrane function (Fong, etal., 2006). The LMNA muta¬ 
tion often arises from the paternally derived allele (D’Apice etal., 
2004), although this is not always the case (Wuyts etal., 2005). 

Occasional siblings who are homozygous for an LMNA mutation 
confirm the existence of an autosomal recessive form of proge¬ 
ria (Plasilova et al., 2004), and other affected siblings result from 
germline mosaicism (Rosman et al., 2001; Wyuts et al., 2005). 
Milder phenotypes could result from somatic mosaicism. 

MAD, like progeria, results from a mutation of the lamin 
A/C gene (Novelli et al., 2002). However, the Wiedemann- 


Rautenstrauch syndrome does not result from an LMNA mutation 
(Cao and Hegele, 2003). 

The Werner syndrome gene (WRN) on the short arm of chro¬ 
mosome 8 encodes a 1432-amino-acid DNA helicase (Goddard 
etal., 1996; Gray etal., 1997; Ichikawa etal., 1997). The DNA heli¬ 
case family unwinds double-stranded DNA and thus plays a role 
in DNA replication and repair, recombination, and transcription 
(Gray et al., 1997; Huang etal., 1998). Dysfunction of the Werner 
syndrome gene leads to genomic instability, accounting for the 
frequency of neoplasia in this condition. The Werner syndrome 
protein is expressed in all areas of the brain and is present in both 
glia and neurons (Gee etal., 2002). 

A few patients with atypical Werner syndrome do not have a 
WRN mutation and instead have an LMNA mutation (Chen etal., 
2003; Csoka et al., 2004). This confirms the genetic heterogene¬ 
ity of Werner syndrome and illustrates why clinical diagnosis is 
sometimes difficult. 


Clinical findings of progeria 

The estimated incidence of progeria is about 1 in 4 million births 
(Hennekam, 2006). The signs of progeria are often first noted dur¬ 
ing the first year or two of life (Sarkar and Shinton, 2001). At 
birth, some babies show scleroderma-like skin, especially over the 
abdomen. Poor weight gain and retarded growth become evident 
early (Hennekam, 2006). The head and facial appearance is char¬ 
acteristic - the head looks relatively large for the face. The scalp 
veins are often prominent. The head is usually bald or has scant 
hair (Figure 23.1). Alopecia is always present by adolescence, and 
eyebrows and eyelashes often become sparse. The nose is narrow 
and beaked. The ears and mandible are small, and the teeth are 
crowded together. The ears often protrude laterally. The voice is 
typically high-pitched (DeBusk, 1972; Feingold, 1980). 

Children with progeria have severe growth retardation, and sex¬ 
ual maturation does not usually occur. Subcutaneous fat is scanty, 
and the skin is lax. Superficial veins are prominent. The nails are 
small and dystrophic. Bone and joint abnormalities are usually 
present. The bones are thinner than normal, and fractures are com¬ 
mon. The distal clavicles show thinning and resorption of bone. 
The ribs are thin. There is progressive loss of bone from the distal 
phalanges. The joints are enlarged and have limited mobility. Coxa 
valga is common. The bow-legged appearance gives the patients 
a characteristic “horse riding stance.” 
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Figure 23.1 A boy with premature aging and multiple brain infarctions. A. Portrait at age 3, before his first stroke, shows slightly dysmorphic facial features but 
normal subcutaneous tissue and scalp hair. B. By age 8, his hair loss, stooped posture, and loss of subcutaneous fat make him appear prematurely aged. (Reproduced 
with permission from Miller and Roach, 1999.) 


Most children with progeria develop premature severe vascu¬ 
lar disease. Coronary artery disease and myocardial infarction are 
common, and heart disease is the leading cause of death (DeBusk, 
1972; Dyck et al., 1987). The median age at death is 13.4 years 
(McKusick, 1988). Although most patients with progeria die during 
the second decade, some less severely affected individuals survive 
until middle age (Ogihara et ah, 1986). 

Cerebrovascular disease plays an important role in the morbid¬ 
ity of progeria (Figure 23.2). Dyck and colleagues (1987) reported 
a girl with progeria who had episodes of right hemiplegia at 
ages 7 and 9 years. She also had recurrent vertigo. Angiography 
showed occlusion of the left internal carotid artery and severe ver¬ 
tebrobasilar arterial disease. She developed angina pectoris at age 
9 and had a myocardial infarct at age 11. Coronary angiography 
showed severe premature coronary artery occlusive disease (Dyck 
etal., 1987). 

Green (1981) reported a patient with progeria who had cerebral 
aneurysms. Progeria was diagnosed at age 6 years because of the 
characteristic features. At age 22, she developed pain in the right 
eye, headache, and right ophthalmoplegia. Angiography showed 
a very large aneurysm of the right internal carotid artery within 
the cavernous sinus. She also had a left internal carotid artery 
aneurysm on the extracranial portion of the artery just before pen¬ 
etration into the skull base. 

Naganuma etal. (1990) described a boy who, at age 7 years, had 
transient ischemic attacks and developed a right hemiplegia. Cra¬ 
nial CT showed multiple cerebral infarcts. Angiography showed 
occlusion of the left internal carotid artery and occlusive vertebral 


artery disease. Wagle and colleagues (1992) reported an 8-year-old 
girl who had a stroke with left hemiplegia. She had been diagnosed 
as having progeria at age 14 months because of her characteristic 
body habitus and clinical features. Brain MRI showed an infarct in 
the distribution of the superior division of the right middle cere¬ 
bral artery. Echocardiography, magnetic resonance angiography 
(MRA), and extracranial Duplex ultrasonography did not reveal a 
cardiac or cervicocranial vascular cause of the embolic stroke. 

A 4-year-old boy developed headaches, drooling, and right arm 
weakness, then a month later had a right-sided seizure and right 
hemiparesis (Smith etal., 1993). His cranial MRI showed an acute 
left posterior parietal infarct, bilateral subdural fluid collections, 
and diffuse abnormalities involving the white matter and basal 
ganglia. The cervical, internal carotid arteries and the origins of the 
vertebral arteries were occluded, and there was extensive collateral 
circulation. He later had transient left limb weakness and biparietal 
and right frontal lobe infarcts (Smith et ah, 1993). Matsuo et ah 
(1994) reported a 7-year-old boy who had a right putaminal infarct 
shown on brain MRI. He later developed coronary artery disease, 
but no vascular studies were reported. 

One 5-year-old boy with progeria developed left-sided seizures 
followed by left hemiparesis (Rosman etal., 2001). His cranial MRI 
confirmed bilateral parietal infarcts, and his MRA showed severe 
stenosis of the left internal carotid artery and stenosis of the cav¬ 
ernous portion of the right internal carotid artery. An echocardio¬ 
gram showed a possible aortic valve vegetation or thrombus and a 
small patent foramen ovale. He was anticoagulated with heparin 
then warfarin. Three months later he had multiple focal seizures 
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Figure 23.2 A. MRI shows bilateral cerebral infarctions of various ages. B. Later MRI after an episode of hemiplegia and aphasia depicts a new infarction of the 
frontal lobe. (Reproduced with permission from Miller and Roach, 1999.) 


of the right arm followed by temporary right hemiparesis. Two 
months later right-sided seizures recurred, and an MRA showed 
occlusion of the right internal carotid artery within the siphon. 

The occlusive vascular disease in progeria probably most often 
affects the cervical carotid and vertebral arteries, but the intracra¬ 
nial large arteries may also be involved. The chronic basal gan¬ 
glia and white matter changes found on brain imaging raise the 
possibility of concurrent penetrating artery disease. There is little 
information about the pathological nature of the occlusive vascu¬ 
lar lesions. 

Clinical features of Werner syndrome 

Werner syndrome is an autosomal recessive disorder character¬ 
ized by cataract formation, scleroderma, and subcutaneous cal¬ 
cifications, a beak-like nose, and the features of premature aging 
such as graying of hair, senile macular degeneration, osteoporosis, 
and atherosclerosis (Epstein etal., 1966). In 1904, Otto Werner in 
his doctoral thesis described the findings in four siblings who had 
premature aging (Herrero, 1980; Werner, 1904). Werner's patients 
were short and had a senile appearance. Cataracts and hair graying 
appeared duringtheir third decade of life. They developed atrophic 
hyperkeratotic ulcerated skin, mostly over the hands and feet, and 
their skeletal limb muscles showed marked atrophy. We now rec¬ 
ognize that diabetes, hypogonadism, and retinitis pigmentosa are 
also usually present. Cataracts are posterior cortical, subcapsular, 
and bilateral (Herrero, 1980). Liver dysfunction, hyperuricemia, 
and hyperlipidemia are often present. 

Individuals with Werner syndrome appear 20-30 years older 
than their actual age. The face is thin, and the sharp angle of the 


bridge of the nose gives it a beaked appearance. Most patients 
have a high-pitched voice due to a variety of vocal cord abnor¬ 
malities. The muscles of the extremities are usually severely atro¬ 
phied. Patients with Werner syndrome have a striking predilection 
for developing noncarcinomatous tumors. Meningiomas and neu¬ 
ral sheath sarcomas are found within the central nervous system. 
The age at death averages about 48 years (range 30-63) (Herrero, 
1980). Patients with Werner syndrome develop accelerated 
atherosclerosis, and the aorta and great vessels are often calcified. 
Often there is heavy calcification of the mitral and/or the aortic 
valves (Tokunaga et al., 1976). Death is often from malignancies, 
diabetic coma, myocardial infarction, or liver failure. 

Although Werner syndrome has been called adult progeria, the 
age of onset, clinical features, and length of survival are quite dif¬ 
ferent from those of progeria (Perloff and Phelps, 1958). As with 
progeria, death from cardiac disease is more common than stroke- 
related death. Individuals with Werner syndrome have a higher 
frequency of malignancies than do patients with progeria. 

Other progeroid syndromes 

MAD is another autosomal recessive disorder that features alope¬ 
cia and short stature, along with clavicular and mandibular hypo¬ 
plasia, stiff joints, and persistently open cranial sutures (Palotta 
and Morgese, 1984; Zina etal., 1981). MAD is also due to a muta¬ 
tion of the LMNA gene (Novelli etal., 2002) that results in the accu¬ 
mulation of lamin A precursor protein, alteration of the nuclear 
architecture, and chromatin disorganization (Filesi etal., 2005). 

The Wiedemann-Rautenstrauch syndrome, sometimes called 
neonatal progeria, typically manifests from birth and features 
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delayed development, poor growth, alopecia, and lipoatrophy. It 
is not caused by a mutation of LMNA (Cao and Hegele, 2003). 

Treatment 

Given the severity of large artery pathology in patients with 
progeroid syndromes, it is probably reasonable to use antiplatelet 
agents. Additionally, several reported patients, including two of 
the authors' patients, seem to have fared well for a time on anti¬ 
coagulation with warfarin. However, there are too few patients 
with progeroid disorders to allow strong recommendations about 
stroke therapy in these individuals. 

Although there is currently no means to effectively halt the pro¬ 
gression of progeria, preliminary studies in mice suggest a possible 
benefit from the use of a farnesyltransferase inhibitor (Fong etal., 
2006; Yang etal. f 2006). 
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MELAS AND OTHER MITOCHONDRIAL DISORDERS 

Lorenz Hirt 


Introduction 

Mitochondria are the site of oxidative phosphorylation, the major 
source of the energy substrate adenosine 5'-triphosphate (ATP) in 
eukaryotic cells. Mitochondrial dysfunction resulting from muta¬ 
tions of mitochondrial DNA (mtDNA) or of nuclear genes coding 
for proteins involved in the respiratory chain may affect multi¬ 
ple systems and typically organs with high energy requirements 
such as the brain and skeletal muscles. One of the clinical pre¬ 
sentations of mitochondrial dysfunction in the brain is acute focal 
deficits closely resembling strokes. Stroke-like episodes have most 
frequently been reported in MELAS (mitochondrial encephalomy- 
opathy, lactic acidosis, and stroke-like episodes), a multisystemic 
syndrome associated with mutations of mtDNA. 

The mitochondrial genome consists of a 16.5-kilobase circu¬ 
lar DNA molecule located within the mitochondrion, present in a 
large, tissue-dependent copy number. MtDNA is maternally trans¬ 
mitted and encodes mitochondrial transfer RNAs (tRNAs), ribo- 
somal RNAs (rRNAs), and 13 proteins of the approximately 80 
proteins involved in the respiratory chain (Anderson et al., 1981; 
Brandon etal., 2004; DiMauro, 1999; DiMauro and Moraes, 1993). 
The remaining respiratory chain proteins are encoded by nuclear 
DNA, synthesized in the cytoplasm, and transported to the mito¬ 
chondria, as are all other proteins found in the mitochondria 
(e.g. mtDNA polymerase, mitochondrial superoxide dismutase). 
MtDNA is exposed to free radicals generated by the respiratory 
chain, and DNA repair mechanisms are less efficient in the mito¬ 
chondrion than in the nucleus. MtDNA is therefore more prone to 
mutations than is nuclear DNA. MtDNA mutations may therefore 
cause respiratory chain dysfunction and ATP depletion, and tis¬ 
sues with high energy expenditure (e.g. brain and muscle) are more 
at risk of not being able to meet their energy demands. Numer¬ 
ous mtDNA mutations have been identified since 1988 in associ¬ 
ation with human diseases. Mutations have been found in tRNA, 
rRNA, and protein-encoding genes. Several mutations in nuclear 
genes encoding proteins involved in the respiratory chain have 
also been identified in patients with mitochondrial dysfunction 
(Bourgeron ef al ., 1995; Triepels et al ., 1999), but not so far in MELAS 
syndrome. 

An interesting feature of mtDNA mutations is heteroplasmy. 
MtDNA is present in a large copy number within the mitochon¬ 
drion, and wild-type and mutated mtDNA molecules commonly 
coexist within one cell. The proportions of mutated and wild-type 
mtDNA vary between cells and between tissues. If the propor¬ 
tion of mutated mtDNA exceeds a certain threshold, the normal 


functioning of the cell is disturbed. The threshold above which 
a functional impairment becomes apparent depends on the tis¬ 
sue. For instance, in a symptomatic mitochondrial myopathy, the 
ratio typically exceeds 50% of total mtDNA in affected muscle. The 
degree of heteroplasmy varies from one tissue to another within 
one individual, and the distribution of the mutation throughout 
the organism plays a part in determining the phenotype. There is 
poor correlation between abundance of mutant mtDNA in blood 
or other peripheral tissues and neurological phenotype (Hirt etal., 
1996). The distribution of the mutation in tissues varies between 
individuals and participates in the wide phenotypic variability 
encountered in mtDNA mutation-associated diseases, but other 
unknown factors, for example genetic and environmental, are 
likely to affect the phenotypic expression of a mutation. With time, 
the degree of heteroplasmy may vary, due to a better survival of 
cells with a low degree of heteroplasmy, or to an altered replication 
speed of the mutated mtDNA molecules. 

During the normal aging process, spontaneous mtDNA muta¬ 
tions accumulate and slowly impair mitochondrial function. This 
age-related phenomenon may favor the appearance of a pheno¬ 
type. Following early reports of the association of stroke with mito¬ 
chondrial myopathy (Bogousslavsky et al., 1982; Kuriyama et al., 
1984; Skoglund, 1979), the acronym MELAS was introducedin 1984 
(Pavlakis et al., 1984), defining a multisystemic syndrome most 
often associated with a maternally inherited mtDNA point muta¬ 
tion (A to G transition) at position 3243 within the tRNALeu(UUR) 
encoding gene (Goto etal., 1990). The second most common muta¬ 
tion associated with MELAS lies in the same gene (Goto et al., 1991). 
Table 24.1 lists the mtDNA mutations associated with the MELAS 
syndrome. 

Clinical presentation 

MELAS syndrome affects young patients, and its most striking 
clinical finding is stroke-like episodes, occurring as early as the 
teenage years, with transient or permanent hemianopia, cortical 
blindness, aphasia, or hemiparesis. Fever and infections have been 
reported as possible triggering factors for stroke-like episodes (Sue 
et al., 1998). Episodic vomiting, sudden episodes of headache, 
and seizures are frequent in MELAS patients. Blood lactate levels 
are increased because of a dysfunction in the respiratory chain, 
with resulting inhibition of the citric acid cycle and accumula¬ 
tion of pyruvate and lactate. Most commonly, MELAS is associ¬ 
ated with an mtDNA point mutation at position 3243 within the 
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fable 24.1 Mutations associated with stroke in mitochondrial encephalomyopathy 


Mutation 

Affected 

gene 

Phenotype 

References 

mtDNA A3243G 

tRNALeu(UUR) 

MELAS 

(Goto etal., 1990) 

mtDNA T3271C 

tRNALeu(UUR) 

MELAS 

(Goto etal., 1991) 

mtDNA 3260 

tRNALeu(UUR) 

MELAS 

(Nishino etal., 1996) 

mtDNA deletion 


MELAS 

(Zupanc etal., 1991) 

mtDNA A11084G 

ND4 

MELAS 

(Leitiit et al., 1992) 

mtDNA T9957C 

COX III 

MELAS 

(Manfredi etal., 1995) 

mtDNA G13513A 

ND5 

MELAS 

(Santorelli etal., 1997) 

mtDNA A8356C 

tRNALys 

MERRFMELAS overlap 

(Zeviani et al., 1993) 

mtDNA T7512 

tRNASer(UCN) 

MERRFMELAS overlap 

(Nakamura et al., 1995) 

mtDNA T3308C 

ND1 

MELAS and bilateral striatal necrosis 

(Campos etal., 1997) 

mtDNA T8993G 

ATPase 6 

NARP, Leigh syndrome 

(Uziel etal., 1997) 


fable 24.2 Clinical features associated with the 

mtDNA A3243G mutation 

Clinical features 

References 

MELAS syndrome 

(Goto etal., 1990) 

Diabetes mellitus 

(Gerbitz etal., 1995; Reardon etal., 

Hearing impairment 

1992) 

(Majamaa etal., 1998; 

Epilepsy 

Morgan-Hughes etal., 1995) 
(Majamaa etal., 1998) 

Short stature 

(Majamaa etal., 1998) 

Progressive external 

(Majamaa etal., 1998) 

ophthalmoplegia 

Pigmentary retinopathy 

(Sue etal., 1997) 

Ataxia 

(Damian etal., 1995; Majamaa et 

Basal ganglia calcification 

al., 1998) 

(Majamaa etal., 1998; 

Hypertrophic 

Morgan-Hughes etal., 1995) 
(Majamaa etal., 1998; 

cardiomyopathy 

Morgan-Hughes etal., 1995) 

Cognitive decline 

(Majamaa etal., 1998) 

Myoclonus Epilepsy 

(Folgero etal., 1995) 

Associated with 

Ragged-Red Fibers 

(MERRF) 

Ischemic colitis 

(Hess etal., 1995) 

Nephropathy 

(Damian etal., 1995) 

Leigh syndrome 

(Sue etal., 1999) 


tRNALeu(UUR) encoding gene. This mutation is transmitted in a 
maternal mode of inheritance. It is always heteroplasmic, suggest¬ 
ing that the presence of wild-type DNA is required for survival. 
Other mutations reported in association with the MELAS syn¬ 
drome are listed in Table 24.1 and discussed below. Because mito¬ 
chondrial diseases have considerable phenotypic and genotypic 


heterogeneity, siblings of MELAS patients carrying the 3243 muta¬ 
tion may present a different phenotype of the mutation, such as 
mitochondrial myopathy or diabetes and deafness (Hirt et al, 
2001). Many different phenotypes, alone or in various combi¬ 
nations, have been reported with this mutation (Table 24.2). A 
population survey in a Finnish province with 245 201 inhabitants 
has, for the first time, established the prevalence of the mitochon¬ 
drial 3243 A to G mutation in an adult population to 16/100 000 
(Majamaa et al., 1998). This mutation therefore is classified as a 
frequent genetic anomaly. The most frequent phenotype in this 
survey is not the MELAS syndrome, but short stature, hearing 
impairment, and cognitive decline. 

A list of other clinical features and syndromes reported with the 
mtDNA 3243 A to G transition is provided in Table 24.2 and includes 
muscle involvement with ophthalmoparesis and palpebral pto¬ 
sis due to myopathy of the extrinsic eye muscles. Muscle biopsy 
shows a mitochondrial myopathy with ragged-red fibers (Gomori’s 
trichrome staining), cytochrome c oxidase-negative fibers, and 
a reduced respiratory chain activity (complexes I, HI, and/or 
IV). Overlaps between different mitochondrial syndromes are 
common. 

Brain imaging 

Neuroradiological features of six kindreds carrying the MELAS 
tRNALeu(UUR) 3243 A to G mutation have been reported (Sue 
et al., 1998). The most common feature visible on CT and by MRI 
was symmetrical calcifications of the basal ganglia (in 14 of 22 
patients) (Figure 24.1). These calcifications always involved the 
globus pallidus, and were also seen in the caudate, putamen, 
and thalamus. None of the patients with those calcifications had 
clinical features suggesting basal ganglia dysfunction. Other find¬ 
ings included focal lesions and cerebellar and cerebral atrophy. 
Focal hypodensities by CT were seen in nine patients, mainly 
in the occipital and parietal lobes, and in both cerebellar hemi¬ 
spheres in one patient. In four patients, lesions were not con¬ 
fined to the vascular territory of one large artery. This observation 
strongly suggests that stroke-like episodes in MELAS do not result 
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Figure 24.1 CT scan showing symmetrical calcifications of the basal ganglia in 
a patient bearing the mtDNA A3243G mutation. The patient was suffering from 
diabetes and deafness and from a late-onset myopathy. (Courtesy of Professor 
Philippe Maeder.) 

from an arterial occlusion, but from a different mechanism, 
probably metabolic failure. Vascular imaging, when performed, 
does not show arterial or venous occlusions or stenosis in the 
great majority of patients. By CT, lesions involved gray and white 
matter. In the acute stage, there was enhancement with intra¬ 
venous contrast, and mass effect was also seen. By MRI, there 
was an increase in the T2 signal, mainly within the cortex. All 
patients with focal hypodensities had a history of stroke-like 
episodes. 

Brain imaging in mitochondrial disorders was also reviewed by 
Haas and Dietrich (2004). Cortical hypodensities seen in MELAS 
syndrome by CT do not correspond to vascular territories. There 
are reports both of hyper- and hypoperfusion within these cere¬ 
bral lesions. Blood vessels are patent. There is an increased sig¬ 
nal intensity in the acute phase by T2-weighted imaging and 
fluid-attenuated inversion recovery (FLAIR) that declines with 
time leading to an area of atrophy or of altered signal inten¬ 
sity. Lesions may migrate. The diffusion-weighted imaging (DWI) 
signal is increased, and there are reports both of increased and 
decreased apparent diffusion coefficient (ADC). Nuclear magnetic 
resonance (NMR) spectroscopy reveals increased lactate levels 
within the lesions. Leukoencephalopathy has been reported in 
rare cases (Haas and Dietrich, 2004). In summary, CT scanning 


reveals basal ganglial calcifications and cortical hypodensities. 
MRI shows increased T2 and FLAIR signals in the cortical lesions 
that decline with time. Both increased and reduced ADC signals 
have been reported, and there is an increased lactate signal by NMR 
spectroscopy. 

Stroke in other mitochondrial syndromes 

Stroke-like episodes have been reported to be associated with 
other mtDNA mutations (Table 24.1). These mutations are point 
mutations lying within tRNA-encoding genes or within protein¬ 
encoding genes, or are deletions encompassing several genes, 
showing that all these different genetic anomalies can cause a 
similar dysfunction of the mitochondrion resulting in stroke. In 
many instances, a patient’s clinical presentation is a combina¬ 
tion of features of two or more syndromes. A MELAS-MERRF 
(myoclonic epilepsy with ragged-red fibers) has been reported 
with point mutations at positions 8356 and 7512 (Nakamura etal., 
1995; Zeviani etal., 1993). Stroke has been reported in association 
with an mtDNA deletion in two siblings in an overlap between 
the MELAS and Kearns-Sayre syndromes (Zupanc et al., 1991). 
Both showed a pigmentary retinopathy, progressive external oph¬ 
thalmoplegia, neurosensorial hearing loss, and lactic acidosis with 
diabetes in one individual and hypoparathyroidism in the other. 

Diagnostic evaluation 

The clinical evaluation includes a careful family history, searching 
for other phenotypes of the mitochondrial 3243 A to G mutation 
(e.g. diabetes and deafness). Brain imaging can show calcifica¬ 
tions of the basal ganglia and focal lesions in the occipital and 
parietal lobes that are not usually restricted to a vascular terri¬ 
tory. NMR spectroscopy may be useful to detect increased lac¬ 
tate levels. Blood lactate measurement (resting or after exercise) is 
useful, as is a muscle biopsy (modified Gomori's trichrome stain¬ 
ing, cytochrome c oxidase and succinate, NADH-reductase histo¬ 
chemistry) with measurement of the respiratory chain activity. The 
diagnosis can be confirmed by mtDNA analysis (muscle biopsy, 
blood, or buccal epithelial cell sample). 

Treatment 

Various approaches have been tried including dietary mea¬ 
sures, administration of redox compounds, and vitamins and 
coenzymes, but because of the rarity of the MELAS syndrome, 
reports of treatment are anecdotal and sometimes controversial. 
Published therapies include coenzyme Q10 (Abe et al., 1999), 
sodium dichloroacetate (Pavlakis et al., 1998; Saitoh et al., 1998), 
nicotinamide (Majamaa et al., 1997), and coadministration of 
cytochrome c, vitamin Bl, and B2 (Tanaka etal., 1997). 

Discussion 

The function of the mtDNA is to encode proteins participating in 
the respiratory chain, and many mtDNA mutations affect respira¬ 
tory chain activity. The most likely origin of stroke-like episodes 
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is a sudden metabolic failure in neuronal tissue with a high pro¬ 
portion of mutant mtDNA, with loss of function and transient or 
permanent cellular damage, perhaps triggered by fever or infec¬ 
tion. This would be consistent with the observation that lesions in 
some cases are not confined to a single vascular territory, implying 
that the lesion does not result from the occlusion of blood vessels 
(Sue etal., 1998). 

Alternatively, there are reports of involvement of smooth muscle 
cells within the arterial wall, with a high rate of mutated DNA in 
a case of ischemic colitis associated with the 3243 mutation (Hess 
etal., 1995). Lesions of the arterial wall cause narrowing or occlu¬ 
sion of the arterial lumen with resulting mesenteric ischemia, but 
this has never been observed in the brain. Anomalies of blood 
clotting have not been reported in MELAS patients. 

Experimental evidence links mitochondria to neuronal death: 
mitochondria participate in intracellular calcium buffering, and 
in calcium signaling processes, early steps of apoptosis involve 
the mitochondria (Green and Reed, 1998). An mtDNA mutation 
affecting the respiratory chain may affect calcium signaling, free 
radical production, or apoptosis regulation in the mitochondrion 
and thereby promote cell death. Cytochrome c, for instance, sig¬ 
nals apoptosis when released from the mitochondria, and many 
pro- or antiapoptotic members of the Bcl2 family of proteins are 
located in the mitochondria. Knowledge of mitochondrial biology 
is evolving rapidly. Mitochondria are dynamic; they change very 
rapidly, and within seconds they can fuse (mitochondrial fusion) 
or divide (mitochondrial fission). Fusion and fission are impor¬ 
tant during development, during apoptosis, and probably also in 
disease (Chan, 2006). MtDNA mutations are frequently hetero- 
plasmic. ft is likely that mitochondrial fusion induces a mixing of 
mutant and wild-type DNA molecules, and of mutant and wild- 
type gene products within mitochondria, allowing maintenance of 
mitochondrial function (Chan, 2006). A deeper knowledge of mito¬ 
chondrial biology will hopefully lead to a more complete under¬ 
standing of the pathogenesis of mitochondrial diseases such as 
MELAS. 
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STURGE-WEBER SYNDROME 

E. Steve Roach, Jorge Vidaurre, and Khaled Zamel 


Introduction 

Sturge-Weber syndrome is characterized by a facial cutaneous 
nevus (port-wine stain) and a leptomeningeal angioma, often 
found ipsilateral to the facial lesion. Frequent additional findings 
include mental retardation, epileptic seizures, contralateral hemi- 
paresis and hemiatrophy, homonymous hemianopia, and glau¬ 
coma. However, the clinical features and their severity are quite 
variable, and patients with the cutaneous nevus and seizures but 
with normal intelligence and no focal neurologic deficit are com¬ 
mon (Uram and Zubillaga, 1982). 

The syndrome occurs sporadically, but there is some evidence 
that somatic mosaicism may play a role in its pathogenesis (Huq et 
al ., 2002). It occurs in all races and has no predilection for either sex. 
Sturge-Weber syndrome (encephalofacial angiomatosis) remains 
an enigmatic disorder that is rarely difficult to diagnose, but fre¬ 
quently hard to predict or treat effectively because of the highly 
variable nature of the clinical manifestations and the lack of effec¬ 
tive treatment for some of its more devastating features. 

Cutaneous manifestations 

The nevus characteristically involves the forehead and upper eye¬ 
lid, but it commonly affects both sides of the face and may extend 
onto the trunk and extremities (Figure 25.1). Patients whose nevus 
involves only the trunk or the maxillary or mandibular area (but not 
the upper face) have little risk of an intracranial angioma (Enjol- 
ras et al., 1985; Tallman et al., 1991; Uram and Zubillaga, 1982). 
Although the facial angioma is obvious in most children from 
birth, occasional patients have the characteristic neurologic and 
radiographic features of Sturge-Weber syndrome without the skin 
lesion (Crosley and Binet, 1978; Sen et al., 2002). More often, the 
typical cutaneous angioma is present without any evidence of an 
intracranial lesion (Morelli, 1999). Even the children with classic 
Sturge-Weber syndrome usually have normal neurologic function 
at first, and it is not always easy to identify which neonates have 
an intracranial angioma. 

The leptomeningeal angioma is typically ipsilateral to a uni¬ 
lateral facial nevus, but bilateral brain lesions occur in at least 
15% of patients, including some with a unilateral cutaneous nevus 
(Boltshauser et al. } 1976). The extent of the cutaneous lesion cor¬ 
relates poorly with the severity of neurologic impairment (Uram 
and Zubillaga, 1982), although children with an extensive cuta¬ 
neous lesion are more likely to have bilateral brain angiomas. Chil¬ 
dren with bilateral brain lesions have a greater risk of neurologic 


impairment and tend to have an earlier onset of seizures (Bebin 
and Gomez, 1988). 

The location of the port-wine nevus of Sturge-Weber syndrome 
has traditionally been linked to the distribution of the trigeminal 
nerve branches, but the occurrence of facial and leptomeningeal 
angiomas can be better explained by the common embryological 
derivation of these two regions. 

Occasionally the port-wine nevus is extensive, involving parts 
of the trunk and extremities in addition to the face. Patients with 
extensive cutaneous lesions and limb hypertrophy have been 
separately classified as displaying Klippel-Trenaunay-Weber syn¬ 
drome (Meyer, 1979), but if their cutaneous lesion involves the 
upper face, their neurological picture may be identical to that of 
Sturge-Weber syndrome. 


Ophthalmologic findings 

Glaucoma is a common problem in patients with a port-wine 
nevus near the eye, whether or not they manifest the intracra¬ 
nial disease characteristic of Sturge-Weber syndrome (Chen and 
Young, 2005; Stevenson et al., 1974). Sullivan et al. (1992) found 
glaucoma in 36 of 51 patients (71%); 26 of these patients devel¬ 
oped glaucoma by age 2 years. Buphthalmos and amblyopia are 
present in some newborns, evidently due to an anomalous ante¬ 
rior chamber angle (Cibis ef al., 1984). In other patients, the glau¬ 
coma becomes symptomatic later, and untreated leads to progres¬ 
sive blindness (Sujansky and Conradi, 1995a). Therefore, periodic 
measurement of intraocular pressure is mandatory regardless of 
the patient’s age, particularly when the nevus is near the eye. The 
intracranial angioma is frequently in the occipital region and, not 
surprisingly, visual field defects are common. 


Neurologic manifestations 

Epileptic seizures, mental retardation, and focal neurological 
deficits are the primary neurologic abnormalities of Sturge-Weber 
syndrome (Roach and Bodensteiner, 1999). Headache seems to 
be common as well (Kossoff et al., 2005). Transient neurological 
deficits in patients with Sturge-Weber syndrome could be related 
either to seizure activity or to vascular dysfunction. Differentiat¬ 
ing postictal changes from vascular deficits can be challenging, 
and it is likely that the two mechanisms co-exist in many individ¬ 
uals with Sturge-Weber syndrome. Ictal electroencephalography 
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Figure 25.1 A. Classic distribution of the port-wine nevus of 
Sturge-Weber syndrome on the upper face and eyelid. B. Another 
patient's nevus involved both sides of his face and extends onto 
the trunk and arm. (From Roach and Riela, 1995, with permission.) 


may be helpful in determining the etiology of the episodes (Jansen 
etal., 2004). 

Maria et al. (1998a) describe 119 stroke-like episodes (with 
either transient or permanent symptoms) in 14 of 20 Sturge-Weber 
patients. Seizures and hemiparesis typically develop acutely dur¬ 
ing the first or second year of life, often during a febrile illness. 
The age when symptoms begin and the overall clinical severity 
are highly variable, but onset of seizures prior to age 2 tends to 
increase the likelihood of future mental retardation and refractory 
epilepsy (Sujansky and Conradi, 1995a). Patients with refractory 
seizures are much more likely to be mentally retarded, whereas 
patients who have never had seizures are typically normal (Roach 
and Bodensteiner, 1999). The age of seizure onset may also corre¬ 
late with motor function. In one report, children whose epilepsy 
developed before 1 year of age were more likely to have hemipare¬ 
sis (Bourgeois et al., 2007). In a series of 52 adults with Sturge- 
Weber syndrome, 65% had “neurologic deficits” including stroke, 
hemiparesis, spasticity, and/or weakness (Sujansky and Conradi, 
1995b). In another report, 81% of children with Sturge-Weber 
about to undergo hemispherectomy for intractable epilepsy had 
hemiparesis contralateral to the planned surgery site (Kossoff 
et al. } 2002), no doubt reflecting an increased willingness to do 
surgery on children who already have hemiparesis, but perhaps 
also an indication that frequent seizures could contribute to the 
weakness. 

Intracranial hemorrhage rarely occurs in Sturge-Weber patients. 
Cushing in 1906 described three patients that he assumed had 
spontaneous hemorrhage, but all three had acutely developed 
seizures and weakness, fairly typical of the pattern seen during the 
initial neurologic deterioration in children without hemorrhage. 
Even with operative or postmortem examination of the brain in 
two of these patients, no direct evidence of hemorrhage was found 
(Cushing, 1906). Anderson and Duncan (1974) presented one adult 
with subarachnoid hemorrhage attributed to Sturge-Weber syn¬ 
drome. Microscopic hemorrhages are mentioned in autopsy series 
but probably have limited clinical significance. 


Seizures occur in 72-80% of Sturge-Weber patients with unilat¬ 
eral lesions and in 93% of patients with bihemispheric involvement 
(Bebin and Gomez, 1988; Oakes, 1992). Focal motor seizures or 
generalized tonic-clonic seizures are most typical of Sturge-Weber 
syndrome initially, but infantile spasms, myoclonic seizures, and 
atonic seizures occur (Chevrie et al., 1988; Miyama and Goto, 
2004). The first few seizures are often focal, even in patients who 
later develop generalized tonic-clonic seizures or infantile spasms. 
Older children and adults are more likely to have complex partial 
seizures or focal motor seizures. Some patients continue to have 
daily seizures after the initial deterioration despite various daily 
anticonvulsant medications, whereas others have long seizure- 
free intervals, sometimes even without medication, punctuated by 
clusters of seizures (Chevrie etal., 1988; Roach and Bodensteiner, 
1999). 

Hemiparesis often develops acutely in conjunction with the ini¬ 
tial flurry of seizure activity. Although often attributed to postictal 
weakness, hemiparesis may be permanent or persist much longer 
than the few hours typical of a postictal deficit. Other patients 
suddenly develop weakness without seizures, either as repeated 
episodes of weakness similar to transient ischemic attacks or as 
a single stroke-like episode with persistent deficit (Garcia et al., 
1981). Children who develop hemiparesis early in life often have 
arrested growth in the weak extremities. Other focal neurologic 
deficits depend on the anatomic site and the extent of the intracra¬ 
nial vascular lesion. 

Because the occipital region is frequently involved, visual field 
deficits are common (Aicardi and Arzimanoglou, 1991). Patients 
with glaucoma are doubly at risk because they may become ambly¬ 
opic in one or both eyes from the glaucoma plus they have a super¬ 
imposed visual field loss from the cortical lesion (Cheng, 1999). 

Early development is usually normal, but mental deficiency 
eventually develops in about half of Sturge-Weber patients (Aicardi 
and Arzimanoglou, 1991; Uram and Zubillaga, 1982). Only 8% 
of the patients with bilateral brain involvement are intellectu¬ 
ally normal (Bebin and Gomez, 1988). The degree of intellectual 
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impairment ranges from mild to profound. Behavioral abnormal¬ 
ities are often a problem, even in patients who are not mentally 
retarded. 

Mechanisms of neurological deterioration 

Neurologic function at birth is typically normal, but most children 
with Sturge-Weber syndrome eventually develop seizures that are 
often difficult to control, especially during an acute illness (Roach 
and Bodensteiner, 1999). Some children undergo saltatory deteri¬ 
oration via a series of discrete episodes of neurologic dysfunction 
(Garcia et al., 1981), and episodic neurologic deficits can occur 
even without overt seizure activity (Alexander and Norman, 1960). 
Although the mechanism of neurologic deterioration in Sturge- 
Weber patients is debated, several different factors probably con¬ 
tribute. Frequent epileptic seizures surely cause additional impair¬ 
ment in some children, because children with refractory seizures 
from a variety of other causes also deteriorate. Also important are 
the extent and location of the vascular lesion in the brain: chil¬ 
dren with an extensive lesion often have more difficulty controlling 
seizures and have more intellectual impairment. 

Although hemiparesis is often attributed to postictal weakness, 
in some patients the hemiparesis clearly begins before the onset of 
seizures. In patients with both hemiparesis and seizures, it is often 
difficult to be certain which came first. Some patients undergo 
saltatory deterioration of neurologic function, and others display 
episodic neurologic dysfunction without obvious seizures. It has 
been suggested that both of these phenomena result from repeated 
venous thromboses (Garcia etal., 1981). Perfusion imaging follow¬ 
ing onset of symptoms demonstrates venous phase impairment 
in the region of the angioma (Lin et al., 2006), and actual throm¬ 
bosis of the deep veins can be demonstrated in a few patients 
(Slasky et al., 2006). Venous thrombosis could also explain the 
typical first episode of neurologic dysfunction: the clinical pic¬ 
ture at the time of the initial deterioration resembles the pattern 
seen with venous thromboses from other causes. However, a sim¬ 
ilar pattern of episodic dysfunction without seizures could result 
from elevated venous pressure without actual thrombosis of the 
veins. 

Abnormal cerebral blood flow in children with Sturge-Weber 
syndrome was described many years ago, although the exact 
nature of these vascular abnormalities is still debated (Riela 
et al., 1985). Chronic hypoxia of the cerebral cortex adjacent to 
the angioma resulting from reduced blood flow has been pos¬ 
tulated, and increased metabolic requirements during seizures 
could potentiate the oxygen deficit (Aicardi and Arzimanoglou, 
1991). A vascular steal phenomenon in the affected areas dur¬ 
ing seizures, leading to critical ischemia in adjacent areas, was 
suggested in a recent report using subtraction ictal single pho¬ 
ton emission computed tomography (SPECT) coregistered to 
MRI (Namer et al., 2005). Decreased glucose utilization in the 
affected cerebral hemisphere was also shown in positron emission 
tomography (PET) studies. These and similar studies suggest that 
chronically reduced perfusion could contribute to cerebral hemi¬ 
atrophy in patients with Sturge-Weber syndrome (Duncan et al., 
1995). 



Figure 25.2 Cranial CT from a patient with Sturge-Weber syndrome shows a 
gyriform pattern of calcification in the parieto-occipital region. (From Garcia 
et al., 1981, with permission.) 

Diagnostic evaluation 

Most of the children with facial port-wine nevi do not have an 
intracranial angioma (Enjolras et al., 1985), and neuroimaging 
studies and other tests help to distinguish the children with Sturge- 
Weber syndrome from those with an isolated cutaneous lesion. 
Neuroimaging, electroencephalography, and functional testing 
with PET and SPECT may also help to define the extent of the 
intracranial lesion for possible epilepsy surgery (Chiron etal. , 1989; 
Chugani etal., 1989). 

Although gyral calcification is a classic feature of Sturge-Weber 
syndrome, this “tram track” appearance is not always present 
(Akpinar, 2004). Bilateral calcification is common (Boltshauser 
et al., 1976). Calcification often becomes more apparent as the 
patient becomes older but is sometimes already present at birth 
(McCaughan et al., 1975; Yeakley etal., 1992). Intracranial calcifi¬ 
cation can be demonstrated much earlier with computed cranial 
tomography (Figure 25.2) than with standard skull films. 

Cerebral atrophy is more apparent with MRI than with CT 
(Chamberlain et al., 1989). In addition to cortical atrophy, MRI 
sometimes demonstrates accelerated myelination in very young 
Sturge-Weber patients (Jacoby et al., 1987; Maria et al., 1999). 
MRI with gadolinium (Figure 25.3) effectively demonstrates the 
abnormal intracranial vessels in Sturge-Weber patients (Benedikt 
et al., 1993); currently this is the best test to determine intracra¬ 
nial involvement. In children with suspected Sturge-Weber syn¬ 
drome but no MRI evidence of abnormal vascular contrast 
enhancement, three-dimensional time-of-flight magnetic reso¬ 
nance venography may increase the chances of detecting the 
leptomeningeal angioma (Juhasz and Chugani, 2007). Dynamic 
magnetic resonance perfusion studies in individuals with Sturge- 
Weber syndrome suggest that hypoperfusion is predominantly 
from impaired venous drainage but that the most severely affected 
regions sometimes also show arterial perfusion deficiency (Lin 
etal., 2006). 
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Figure 25.3 A. Normal cranial MRI without contrast from a patient with Sturge-Weber syndrome. B. After the addition of gadolinium contrast, abnormal veins in the 
left frontal and bilateral posterior areas become apparent along with a right leptomeningeal lesion. 


Functional imaging with PET indicates reduced brain glucose 
utilization adjacent to the leptomeningeal lesion but often extend¬ 
ing beyond the area of abnormality depicted by CT or MRI 
(Chugani etal., 1989; Maria el al., 1999). Glucose utilization tends 
to be reduced after the first year of life (Chugani et al., 1989), 
although PET activation studies suggest that these abnormal areas 
retain some functional responsiveness (Muller etal., 1997). SPECT 
typically shows reduced cerebral perfusion even in regions of the 
brain with normal glucose uptake (Chiron et al., 1989; Maria et 
al., 1998b). As with PET, the area with abnormal perfusion shown 
with SPECT is often more extensive than the abnormality seen with 
CT or MRI (Chiron et al., 1989; Griffiths et al., 1997; Maria et al., 
1998b). 

Cerebral arteriography is no longer routinely required for the 
evaluation of Sturge-Weber syndrome, but it may be helpful in 
atypical patients or prior to surgery for epilepsy. The veins are typ¬ 
ically more abnormal than the arteries (Probst, 1980). Occasional 
patients have evidence of arterial occlusion, and the homogeneous 
blush of the intracranial angioma is sometimes present (Poser and 
Taveras, 1957). The superficial cortical veins are reduced in num¬ 
ber (Figure 25.4), and the deep draining veins are dilated and tor¬ 
tuous (Farrell etal., 1992). 

Failure of the sagittal sinus to opacify after ipsilateral carotid 
injection may be secondary to thrombosis of the superficial cor¬ 
tical veins (Bentson et al., 1971), and the abnormal deep venous 


channels probably have a similar origin as they form collateral 
conduits for nonfunctioning cortical veins (Probst, 1980). 


Pathology 

The parietal and occipital lobes are affected more often than the 
frontal lobes. The leptomeninges are thickened and discolored 
by increased vascularity. Angiomatous vessels may obliterate the 
subarachnoid space, and the tortuous deep-draining veins that 
are seen radiographically can also be seen in pathologic speci¬ 
mens (Wohlwill and Yakovlev, 1957). Microscopically these ves¬ 
sels are primarily thin-walled veins of variable size (Di Trapani 
et al., 1982; Wohlwill and Yakovlev. 1957). Angiomatous vessels 
sometimes extend into the superficial brain parenchyma, and the 
ipsilateral choroid plexus is often involved. Microscopic abnor¬ 
malities are frequently found in normal looking areas adjacent 
to the visible malformation, and some vessels are narrowed or 
occluded by progressive hyalinization and subendothelial pro¬ 
liferation (Norman and Schoene, 1977; Wohlwill and Yakovlev, 
1957). 

Cerebral atrophy adjacent to the angioma is typical. In some 
patients, the atrophy becomes progressively more severe in early 
childhood before eventually stabilizing. Other children, particu¬ 
larly those with mild clinical features, may not develop visible 
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Figure 25.4 Venous phase of the left internal carotid angiogram of a patient 
with Sturge-Weber syndrome. Note the paucity of superficial cortical veins 
posteriorly and the prominent deep venous system. (From Garcia et al., 1981, 
with permission.) 

atrophy at all. Microscopic features include neuronal loss and glio¬ 
sis, which, like angioma itself, usually extends beyond the area of 
obvious abnormality. 

The typical gyriform calcification results from deposition of 
calcium within the outer cortical layers (Di Trapani et al., 1982; 
Wohlwill and Yakovlev, 1957). Norman and Schoene (1977) found 
that the foci of calcium typically lie adjacent to a blood vessel, and 
Di Trapani et al. (1982) believe that the calcium is deposited in an 
intravascular mucopolysaccharide substance before shifting into 
the brain parenchyma adjacent to the vessel. Chronic venous sta¬ 
sis with anoxic damage of the nearby cortex has been postulated 
as the mechanism for inducing cortical calcifications. 

It has been suggested that vascular lesions found in Sturge- 
Weber are not static lesions, but constitute dynamic struc¬ 
tures. Immunohistochemical analyses have demonstrated ele¬ 
vated nuclear hypoxia-inducible factor (HIF) protein level in the 
abnormal vessels. HIF is known to induce vascular endothelial 
growth factor (VEGF) (Comati ef al., 2007). 

Treatment 

Treatment of Sturge-Weber syndrome is problematic. The syn¬ 
drome is rare and its manifestations so variable that controlled 
trials to evaluate therapy are difficult. The majority of patients 
with Sturge-Weber syndrome at some point develop seizures, and 
seizure control can markedly improve their quality of life. Careful 
attention to dosing schedules and periodic monitoring of serum 
anticonvulsant levels help to ensure the best possible control of 
seizures. Complete seizure control with medication is possible 
in some patients. Ville et al. (2002) advocate starting antiepilep¬ 
tic medications even before the onset of seizures, an intriguing 
approach that requires further study. 

Hemispherectomy sometimes improves seizure control 
and may promote more normal intellectual development 


(Ogunmekan et al., 1989). There is still debate about the role of 
epilepsy surgery for Sturge-Weber syndrome. Some physicians 
recommend limiting resective surgery to patients whose seizures 
fail to respond to an adequate trial of anticonvulsants, much the 
same approach that is applied to other children with epilepsy 
(Roach et al., 1994). Others suggest a more aggressive approach 
based on the premise that early resection of the vascular lesion 
allows better development (Lee et al, 2001). Nevertheless, most 
physicians are uncomfortable recommending surgery for a 
patient who has not yet developed seizures or for one whose 
seizures are fully controlled with medication, and there is also 
understandable reluctance to resect a still functional portion of 
the brain and cause a deficit (Arzimanoglou and Aicardi, 1992; 
Bruce, 1999). Thus surgery is often reserved for individuals with 
severe refractory seizures who already have clinical dysfunction 
of the area to be removed (e.g. hemiparesis or hemianopia). 
Although bilateral brain involvement may make it difficult to 
identify a single epileptic focus, successful surgery still can be 
done in some individuals with bilateral disease (Tuxhorn et al, 
2002 ). 

Patients with less extensive lesions should have a limited resec¬ 
tion (rather than a complete hemispherectomy) that preserves as 
much normal brain as possible (Aicardi and Arzimanoglou, 1991; 
Bye et al., 1989), and corpus callosum section may be a useful 
alternative for some patients (Rappaport, 1988). 

Daily aspirin has been tried in an effort to prevent recur¬ 
rent vascular thrombosis that may cause neurologic deterioration 
(Garcia et al., 1981; McCaughan et al., 1975). One more recent 
study suggested that low-dose aspirin (2 mg/kg/day) may reduce 
the frequency of stroke-like episodes with Sturge-Weber syndrome 
(Maria et al, 1998a). Controlled studies with aspirin present the 
same difficulties as with hemispherectomy, and until more infor¬ 
mation is available, routine use of aspirin can not be enthusi¬ 
astically endorsed. It is reasonable to use aspirin in individuals 
with repeated clinical episodes suggesting transient ischemic 
attacks (Cambon et al., 1987; Garcia et al., 1981) or for patients 
with bihemispheric disease for whom surgery is not a reasonable 
option. Low-dose daily aspirin seems to be well tolerated in chil¬ 
dren, although the optimum dose has not been established. 

Periodic monitoring of intraocular pressure is an important 
aspect of management that is easily overlooked in patients who 
have no initial ocular findings. Glaucoma may be present at birth, 
or symptoms may arise later. Occasionally patients develop glau¬ 
coma only after several years, so yearly ophthalmologic exami¬ 
nation with intraocular pressure measurement is recommended. 
Patients who develop ocular pain or visual symptoms should be 
promptly re-evaluated. 

The patient’s appearance can be dramatically improved by 
pulsed-dye laser treatment, although it is not often possible to 
completely obliterate the lesion (Nguyen etal., 1998). Early treat¬ 
ment is preferable because the skin lesions tend to hypertro¬ 
phy with time and thereafter require more extensive treatment 
(Morelli, 1999). Pulsed-dye laser treatment of port-wine lesions has 
been reviewed in detail (Morelli, 1999). Some physicians reserve 
cosmetic procedures for those patients with reasonably good 
neurological function. 


159 





Uncommon Causes of Stroke 


REFERENCES 

Aicardi, J., and Arzimanoglou, A. 1991. Sturge-Weber syndrome. IntPediatr, 6, 
129-34. 

Akpinar, E. 2004. The tram-track sign: cortical calcifications. Radiology, 231 , 
515-6. 

Alexander, G. L., and Norman, R. M. 1960. Sturge-Weber Syndrome. Bristol: John 
Wright and Sons Ltd. 

Anderson, F. H., and Duncan, G. W. 1974. Sturge-Weber disease with subarach¬ 
noid hemorrhage. Stroke, 5, 509-11. 

Arzimanoglou, A., and Aicardi, J. 1992. The epilepsy of Sturge-Weber syndrome: 
clinical features and treatment in 23 patients. Acta Neurol Scand (Suppl), 
140 , 18-22. 

Bebin, E. M., and Gomez, M. R. 1988. Prognosis in Sturge-Weber disease: com¬ 
parison of unihemispheric and bihemispheric involvement. J Child Neurol, 
3, 181-4. 

Benedikt, R. A., Brown, D. C., Walker, R., Ghaed, V N., Mitchell, M., and Geyer, 
C. A. 1993. Sturge-Weber syndrome: cranial MR imaging with Gd-DTPA. 
AJNRAmJNeuroradiol, 14 , 409-15. 

Bentson, J. R., Wilson, G. H., and Newton, T. H. 1971. Cerebral venous drainage 
pattern of the Sturge-Weber syndrome. Radiology, 101 , 111-8. 

Boltshauser, E., Wilson, J., and Hoare, R. D. 1976. Sturge-Weber syndrome 
with bilateral intracranial calcification. J Neurol Neurosurg Psychiatr, 39 , 
429-35. 

Bourgeois, M., Crimmins, D. W., De Oliveira, R. S., etal. 2007. Surgical treatment 
of epilepsy in Sturge-Weber syndrome in children. J Neurosurg, 106 , 20-8. 

Bruce, D. A. 1999. Neurosurgical aspects of Sturge-Weber syndrome. In Sturge- 
Weber Syndrome. eds. J. B. Bodensteiner, and E. S. Roach. Mt. Freedom, NJ: 
Sturge-Weber Foundation, pp. 39-42. 

Bye, A. M., Matheson, J. M., andMackenzie, R. A. 1989. Epilepsy surgery in Sturge- 
Weber syndrome. AustNZ J Ophthalmol, 25 , 103-5. 

Cambon, H., Truelle, J. L., Baron, J. C., Chiras, J., Tran Dinh, S., and Chatel, M. 
1987. Focal chronic ischemia and concomitant migraine: an atypical form 
of Sturge-Weber angiomatosis? Rev Neurol, 143, 588-94. 

Chamberlain, M. C., Press, G. A., and Hesselink, J. R. 1989. MR imaging and CT 
in three cases of Sturge-Weber syndrome: prospective comparison. Am J 
Neuroradiol, 10 , 491-6. 

Chen, T. C., and Young, L. H. 2005. Sturge-Weber syndrome (choroidal heman¬ 
gioma and glaucoma). JPediatr Ophthalmol Strabismus, 42 , 320. 

Cheng, K. P. 1999. Ophthalmologic manifestations of Sturge-Weber syndrome. 
In Sturge-Weber Syndrome, eds. J. B. Bodensteiner, and E. S. Roach. Mt. 
Freedom, NJ: Sturge-Weber Foundation, pp. 17-26. 

Chevrie, J. J., Specola, N., and Aicardi, J. 1988. Secondary bilateral synchrony 
in unilateral pial angiomatosis: successful surgical management. J Neurol 
NeurosurgPsychiatr, 15 , 95 - 8 . 

Chiron, C., Raynaud, C., Tzourio, N., et al. 1989. Regional cerebral blood flow 
by SPECT imaging in Sturge-Weber disease: an aid for diagnosis. J Neurol 
Neurosurg Psychiatr, 52 , 1402-9. 

Chugani, H. T., Mazziotta, J. C., and Phelps, M. E. 1989. Sturge-Weber syndrome: 
a study of cerebral glucose utilization with positron emission tomography. 
JPediatr, 114 , 244-53. 

Cibis, G. W., Tripathi, R. C., and Tripathi, B. J. 1984. Glaucoma in Sturge-Weber 
syndrome. Ophthalmology, 91 , 1061-71. 

Comati, A., Beck, H., Halliday, W., Snipes, G. J, Plate, K. H., and Acker, T. 2007. 
Upregulation of hypoxia- inducible factor (HIF)-l alpha and HIF-2 alpha 
in leptomeningeal vascular malformations of Sturge-Weber syndrome. 
J Neuropathol Exp Neurol, 66, 86-97. 

Crosley, C. J., and Binet, E. F. 1978. Sturge-Weber Syndrome-presentation as a 
focal seizure disorder without nevus flammeus. Clin Pediatr, 17, 606-9. 

Cushing, H. 1906. Cases of spontaneous intracranial hemorrhage associated with 
trigeminal nevi. JAMA, 47, 178-83. 

Di Trapani, G., Di Rocco, C., Abbamondi, A. L., Caldarelli, M., and Pocchiari, M. 
1982. Light microscopy and ultrastructural studies of Sturge-Weber disease. 
Brain, 9 , 23-36. 

Duncan, D. B., Herholz, K., Pietrzk, U., and Heiss, W. D. 1995. Regional cerebral 
blood flow and metabolism in Sturge-Weber disease. Clin Nucl Med, 20 , 
522-3. 


Enjolras, O., Riche, M. C., and Merland, J. J. 1985. Facial port-wine stains and 
Sturge-Weber syndrome. Pediatiics, 76, 48-51. 

Farrell, M. A., Derosa, M. J., Curran, J. G., etal. 1992. Neuropathologic findings in 
cortical resections (including hemispherectomies) performed for the treat¬ 
ment of intractable childhood epilepsy. Acta Neuropathol, 83,246-59. 

Garcia, J. C., Roach, E. S., and Mclean, W. T. 1981. Recurrent thrombotic deteri¬ 
oration in the Sturge-Weber syndrome. Child’s Brain, 8, 427-33. 

Griffiths, P. D., Boodram, M. B., Blaser, S., Armstrong, D., Gilday, D. L., and 
Harwood-Nash, D. 1997.99mTechnetium HMPAO imaging in children with 
the Sturge-Weber syndrome: a study of nine cases with CT and MRI corre¬ 
lation. Neuroradiology, 39 , 219-24. 

Huq, A. H., Chugani, D. C., Hukku B., and Serajee, F. J. 2002 Evidence of somatic 
mosaicism in Sturge-Weber syndrome. Neurology, 59 , 780-2. 

Jacoby, C. G., Yuh, W. T., Afifi, A. K., Bell, W. E., Schelper, R. L., and Sato, Y. 1987. 
Accelerated myelination in early Sturge-Weber syndrome demonstrated by 
MR imaging. J Comput Assist Tomogr, 11 , 226-31. 

Jansen, F. E., Van Der Worp, H. B., and Van Huffelen, A. 2004. Sturge-Weber 
syndrome and paroxysmal hemiparesis: epilepsy or ischaemia? Dev Med 
Child Neurol, 46 , 783-6. 

Juhasz, C., and Chugani, H. T. 2007. An almost missed leptomeningeal angioma 
in Sturge-Weber syndrome. Neurology, 68, 243. 

Kossoff, E., Buck, C., and Freeman, J. 2002. Outcomes of 32 hemispherectomies 
for Sturge-Weber syndrome worldwide. Neurology, 59 , 1735-8. 

Kossoff, E. H., Hatfield, L. A., Ball, K. L., and Comi, A. M. 2005. Comorbidity of 
epilepsy and headache in patients with Sturge-Weber syndrome. J Child 
Neurol, 20 , 678-82. 

Lee, J. S., Asano, E., Muzik, O., etal. 2001. Sturge-Weber syndrome: correlation 
between clinical course and FDG PET findings. Neurology, 57 , 189-95. 

Lin, D. D., Barker, P. B., Hatfield, L. A., and Comi, A. M. 2006. Dynamic MR per¬ 
fusion and proton MR spectroscopic imaging in Sturge-Weber syndrome: 
correlation with neurological symptoms. JMagn Reson Imaging, 24 , 274-8 1 . 

Maria, B. L., Neufeld, J. A., Rosainz, L. C., et al. 1998a. Central nervous system 
structure and function in Sturge-Weber syndrome: evidence of neurologic 
and radiologic progression. J Child Neurol, 13 , 606-18. 

Maria, B. L., Hoang, K. N., Robertson, R. L., Barnes, P. D., Drane, W. E., and 
Chugani, H. T. 1999. Imaging brain structure and function in Sturge-Weber 
syndrome. In Sturge-Weber Syndrome, eds. J. B. Bodensteiner, and E. S. 
Roach. Mt. Freedom, NJ: Sturge-Weber Foundation, pp. 43-69. 

Maria, B. L., Neufeld, J. A., Rosainz, L. C., etal. 1998b. High prevalence of bihemi¬ 
spheric structural and functional defects in Sturge-Weber syndrome. J Child 
Neurol, 13 , 595-605. 

McCaughan, R. A., Ouvrier, R. A., De Silva, K., and McLaughlin, A. 1975. The value 
of the brain scan and cerebral arteriogram in the Sturge-Weber syndrome. 
ProcAust Assoc Neurol, 12 , 185-90. 

Meyer, E. 1979. Neurocutaneous syndrome with excessive macrohydrocephalus 
(Sturge-Weber/Klippel-Trenaunay syndrome). Neuropadiatrie, 10 , 67-75. 

Miyama, S., and Goto, T. 2004. Leptomeningeal angiomatosis with infantile 
spasms. Pediatr Neurol, 31 , 353-6. 

Morelli, J. G. 1999. Port-wine stains and the Sturge-Weber syndrome. In Sturge- 
Weber Syndrome. eds. J. B. Bodensteiner, and E. S. Roach. Mt. Freedom, NJ: 
Sturge-Weber Foundation, pp. 11-6. 

Muller, R. A., Chugani, H. T., Muzik, O., Rothermel, R. D., and Chakraborty, 
R K. 1997. Language and motor functions activate calcified hemisphere 
in patients with Sturge-Weber syndrome: a positron emission tomography 
study. J Child Neurol, 12 , 431-7. 

Namer, I. J., Battaglia, F., Hirsch, E., Constantinesco, A., and Marescaux, C. 2005. 
Subtraction ictal SPECT co-registered to MRI (SISCOM) in Sturge-Weber 
syndrome. Clin Nucl Med, 30 , 39-40. 

Nguyen, C. M., Yohn, J. J., Huff, C., Weston, W. L., and Morelli, J. G. 1998. Facial 
port wine stains in childhood: prediction of the rate of improvement as a 
function of the age of the patient, size and location of the port wine stain and 
the number of treatments with the pulsed dye (585 nm) laser. Br J Dermatol, 
138 , 821-5. 

Norman, M. G., and Schoene, W. C. 1977. The ultrastructure of Sturge-Weber 
disease. Acta Neuropathol, 37 , 199-205. 

Oakes, W. J. 1992. The natural history of patients with the Sturge-Weber syn¬ 
drome. Pediatr Neurosurg, 18 , 287-90. 


160 



Sturge-Weber syndrome 


Ogunmekan, A. O., Hwang, P. A., and Hoffman, H. J. 1989. Sturge-Weber-Dimitri 
disease: role of hemispherectomy in prognosis. Can J Neurol Sci, 16, 78-80. 

Poser, C. M., and Taveras, J. M. 1957. Cerebral angiography in encephalo- 
trigeminal angiomatosis. Radiology, 68, 327-36. 

Probst, F. P. 1980. Vascular morphology and angiographic flow patterns in Sturge- 
Weber angiomatosis. Neuroradiology, 20, 73-8. 

Rappaport, Z. H. 1988. Corpus callosum section in the treatment of intractable 
seizures in the Sturge-Weber syndrome. Child’s Nerv Syst, 4, 231-2. 

Riela, A. R., Stump, D. A., Roach, E. S., McLean, W. T., and Garcia, J. C. 1985. 
Regional cerebral blood flow characteristics of the Sturge-Weber syndrome. 
Pediatr Neurol, 1,85-90. 

Roach, E. S., and Bodensteiner, J. B. 1999. Neurologic manifestations of Sturge- 
Weber syndrome. In Sturge-Weber Syndrome, eds. J. B. Bodensteiner, and 
E. S. Roach. Mt. Freedom, NJ: Sturge-Weber Foundation, pp. 27-38. 

Roach, E. S., and Riela, A. R. 1995. Pediatric Cerebrovascular Disorders. New York: 
Futura. 

Roach, E. S., Riela, A. R., Chugani, H. T., Shinnar, S., Bodensteiner, J. B., and 
Freeman, J. 1994. Sturge-Weber syndrome: recommendations for surgery./ 
Child Neurol, 9, 190-3. 

Sen, Y., Dilber, E., Odemis, E., Ahmetogly, A., and Aynaci, F. M. 2002. Sturge- 
Weber syndrome in a 14-year-old girl without facial naevus. Eur J Pediatr, 
161, 505-6. 

Slasky, S. E., Shinnar, S., and Bello, J. A. 2006 Sturge-Weber syndrome: deep 
venous occlusion and the radiologic spectrum. Pediatr Neurol, 35,343-7. 


Stevenson, R. F. 1974. Unrecognized ocular problems associated with port-wine 
stain of the face in children. Can Med Assoc J, 111, 953-4. 

Sujansky, E., and Conradi, S. 1995a. Sturge-Weber syndrome: age of onset of 
seizures and glaucoma in the prognosis for affected children. J Child Neurol, 
10, 49-58. 

Sujansky, E., and Conradi, S. 1995b. Outcome of Sturge-Weber syndrome in 52 
adults. Am JMed Genet, 57, 35-45. 

Sullivan, J., Clarke, M. P., and Morin, J. D. 1992. The ocular manifestations of the 
Sturge-Weber syndrome. J Pediatr Ophthalmol Strabismus, 29, 349-56. 

Tallman, B., Tan, O. T., Morelli, ]. G., etal. 1991. Location of port-wine stains and 
the likelihood of ophthalmic and/or central nervous system complications. 
Pediatrics, 87, 323-7. 

Tuxhorn, I. E., and Pannek, H. W. 2002. Epilepsy surgery in bilateral Sturge-Weber 
syndrome. Pediatr Neurol, 26,394-7. 

Uram, M., andZubillaga, C. 1982. The cutaneous manifestations of Sturge-Weber 
syndrome. J Clin Neuroophthalmol, 2, 245-8. 

Ville, D., Enjolras, O., Chiron, C., and Dulac, O. 2002. Prophylactic antiepileptic 
treatment in Sturge-Weber disease. Seizure, 11,145-50. 

Wohlwill, F. J., and Yakovlev, P. I. 1957. Histopathology of meningo-facial 
angiomatosis (Sturge-Weber’s disease). / Neuropathol Exp Neurol, 16, 341- 
64. 

Yeakley, ]. W., Woodside, M., and Fenstermacher, M. J. 1992. Bilateral neonatal 
Sturge-Weber-Dimitri disease: CT and MR findings. Am J Neuroradiol, 13, 
1179-82. 


161 




26 


VON HIPPEL-LINDAU DISEASE 

Amir R. Dehdashti and Luca Regli 


Introduction 

Von Hippel-Lindau (VHL) disease is an autosomal dominant disor¬ 
der with a 95% penetrance at age 60 years and incomplete expres¬ 
sion (Latif etal., 1993) that is characterized by the development of 
various benign and malignant tumors and cysts. The major tumors 
and cysts are hemangioblastoma (HB) in the central nervous sys¬ 
tem (CNS), retinal hemangioblastoma (RA), pheochromocytoma 
(Pheo), renal cell carcinoma (RCC), renal cyst, pancreatic cystade- 
noma, and pancreatic neuroendocrine tumors. 

HB, the most characteristic CNS lesions, are highly vascular 
tumors comprising approximately 3% of all tumors of the CNS 
(Neumann et al., 1989). The familial forms comprise anywhere 
from 5.3% to 11.8% of cases according to the literature (Couch 
et al., 2000; Huson et al., 1986; Resche et al., 1993). They occur 
predominantly in the cerebellum and spinal cord, but they have 
been found throughout the CNS. The tumors also occur as a spo¬ 
radic entity (Richard et al ., 1994). Because of their vascular nature, 
these tumors harbor a risk of hemorrhage that can occur sponta¬ 
neously, intraoperatively, orpostoperatively. Although intracranial 
hemorrhage is confined to small series and case reports, it forms 
an important part of the subject matter of this chapter. To our 
knowledge, there are no reported cases or series of acute brain 
ischemia as a direct complication of VHL. 

Historically, the first case of HB was described at autopsy in 
1872 by Hughlings Jackson. Von Hippel hrst described an RA in 
1904; subsequently, the association of visceral and cerebral lesions 
with RAs was observed in 1926 by Lindau (Rengachary, 1985). The 
term “hemangioblastoma” was coined by Bailey and Cushing in 
1928 to delineate all vascular tumors of the CNS and to differ¬ 
entiate from primary vascular malformations. Contentious issues 
regarding HBs include uncertain histogenesis, factors predictive 
of tumor recurrence, factors predictive of multifocal disease, and 
cumulative morbidity of central and retinal lesions are under 
investigation. 

Genetics 

The VHL tumor suppressor gene, which is located on chromosome 
3p25-26, is responsible for this disease (Humphrey et al., 1996; 
KaelinefaJ., 1998).TheVHLgenewasidentifiedbyZbarefflZ. (1996) 
by positional cloning, and the authors then identified the germline 
mutations in the VHL. Following identification of the VHL gene, 
there was remarkable progress in molecular genetics and molec¬ 
ular diagnosis of VHL disease and also in the understanding of 


the molecular basis of the pathogenesis of VHL-associated disor¬ 
ders. The major cause underlying the development of the disease is 
inactivation of the VHL tumor suppressor protein and subsequent 
loss of the function of the VHL protein, and Elongin B, C (VBC) 
complex (Kaelin, 2002; Stolle etal., 1998). This results in dysfunc¬ 
tion of the ubiquitination of hypoxia-inducible factors (HIF) and 
other proteins for the VBC complex. The failure in the degradation 
of HIFs is an important step in the development of highly vascular 
tumors. The highly vascular nature of tumors may be explained 
by the fact that, under normal conditions, the VHL gene prod¬ 
uct (pVHL) negatively regulates the hypoxia-inducible messenger 
RNA (mRNA) encoding vascular endothelial growth factor (VEGF) 
(Wizigmann-Voos et al., 1995). Loss of pVHL leads to an inappro¬ 
priate accumulation of this mRNA and results in dramatic upreg- 
ulation of VEGF in stromal cells and its corresponding receptors 
VEGFR-1 and VEGFR-2 in tumor endothelial cells (Wizigmann- 
Voos et al., 1995). It is thought that this signaling pathway plays a 
crucial role in the angiogenesis and cyst formation of these tumors 
(Figure 26.1). In addition, the pVHL is a protein that plays a role in 
regulating extracellular matrix formation and regulating the ability 
of cells to exit the cell cycle. 

Clinical classification of VHL disease 

VHL was clinically classified into two types of diseases - with or 
without Pheo - in the initial classification of this disease. Those 
without Pheo are categorized as VHL type 1 disease. Those with 
Pheo are categorized as VHL type 2 disease. VHL type 2 disease is 
further classified into three categories: type 2A, type 2B, and type 
2C (Couch et al., 2000; Shuin et al., 2006). Type 2A VHL has Pheo 
with other HBs in the CNS, but not with RCC. Type 2B has Pheo, 
RCCs, and other CNS tumors. A recent notion is that type 2C dis¬ 
ease has only Pheo, with no other disease. Only a few mutations for 
VHL type 2C have been identified. A low risk of RCC and neuroen¬ 
docrine pancreatic tumor is associated with type 2A and a high 
risk with type 2B (Linehan et al., 1995). In addition, some indi¬ 
viduals who have the same type present with a life-threatening 
disease with multiple tumors and considerable reduction of life 
span, whereas other patients have only a few manifestations of 

VHL Mutation -> Altered VHL protein and Elongin B,C complex -> 
Altered degradation of HIF-> t VEGF, t VEGFR1, f VEGFR2 -» 
Development of highly vascular tumor 

Figure 26.1 Schematic illustration of the pathogenesis of VHL disease. 
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the disease with no impairment of quality of life. Chuvash poly¬ 
cythemia is a rare type of the disease that is caused by VHL gene 
inactivation at a specific point of the VHL protein, and does not 
result in a tumor, but rather in polycythemia (Ang etal., 2002). 

Clinical criteria for the diagnosis of VHL disease 

The following criteria are used for the diagnosis of VHL disease 
(Richard etal., 2000; Shuin etal., 2006): 

1. Patients with a positive family history of VHL disease who 
develop HBs in the CNS or RAs, RCC, Pheo, pancreatic tumors 
or cysts, or epididymal cystadenoma. However, epididymal 
cystadenomas alone are not considered a diagnostic criterion 
because of their high incidence in the general population 

2. Patients without a family history of VHL disease, but who 
develop HBs or RAs in combination with other tumors, such 
as RCC, Pheo, pancreatic tumors or cysts, or epididymal 
cystadenoma 

In the majority of VHL disease-affected patients (80%), there is a 
demonstrative multigenerational family history, and only one of 
the manifestations of the disease is necessary for the clinical diag¬ 
nosis (Horton etal., 1976; Zbar etal., 1996). There is, however, a 
considerable intrafamilial and interfamilial phenotypic variability 
in disease presentation (Green, 1986;LamielleftfI., 1989;Maddock 
et al., 1996; Maher et al., 1990; Richard et al., 1998). In isolated 
“cryptic" cases (20% of cases), possibly indicating a de novo muta¬ 
tion, two manifestations, including one CNS or RA, are required 
for diagnosis (Hes etal., 2000). 

Genetic testing for VHL disease 

Once diagnosed, an investigation to identify the mutation in the 
VHL gene can benefit family members. If the proband’s mutation 
can be identified, its presence or absence in family members at 
risk can then define his or her status. Genetic testing for muta¬ 
tions in the VHL gene requires complete sequencing of the coding 
regions, Southern blot analysis, and fluorescence in situ hybridiza¬ 
tion (FISH), which has proved 70% sensitivity in the laboratory 
(Shuin etal., 2006). 

Clinical presentation 

Isolated HBs in the CNS develop from childhood at an age <10 
years or early in the teens until the age of 30 years In VHL dis¬ 
ease, HB presents in early adulthood (ages 20-40 years). It devel¬ 
ops as type 1 or type 2A VHL disease in 70% of VHL patients. 
According to a fapanese series, the mean age of patients with 
germline mutations suggestive of VHL disease did not differ from 
that of the general group (Shuin et al., 2006). Overall, men are 
more commonly affected with HB, with a male-to-female ratio 
of 1.5:1. 

The most common sites for HB development are the cerebellum 
(83%—95%), spinal cord (3.2-13%), and medulla oblongata (2.1%). 
Multiple spinal HBs in VHL disease have also been described 
(Boker et al., 1984). The symptoms of this disease are largely 
explained by the expansion of the tumor in the cranial space or 


the spinal cord. With posterior fossa HB, headache is the most 
common presenting symptom. Associated vomiting when present 
suggests raised intracranial pressure. Other symptoms are ataxia 
and gait disturbance (Round Table: Infratentorial Hemangioblas¬ 
tomas, 1985; Constans etal., 1986). Rare symptoms include abnor¬ 
mal head attitudes and the so called cerebellar “fits” characterized 
by drop attacks with or without deterioration of consciousness, 
opisthotonic posturing, and varying degrees of respiratory com¬ 
promise. In one series, an abnormal neurological examination was 
found in 87.7% of cases (Huson et al., 1986). Polycythemia with 
overproduction of erythropoietin is associated with a high level of 
HIFs in tumors. 

In general, HBs accompanying VHL disease account for 5%-30% 
of cerebellar HBs and 80% of spinal HBs, indicating that HBs in 
VHL disease tend to originate in more unusual regions of the CNS 
(Sora et al., 2001). In contrast, some data showed that patients in 
whom a germline mutation was evidenced may harbor a solitary 
cerebellar lesion (Shuin et al., 2006). Totally asymptomatic VHL 
gene carriers are estimated at approximately 4% (Neumann etal., 
1989). 

The proportion of primary symptomatic HBs associated with 
VHL disease is estimated at 10%-40%, and in approximately 40% of 
patients with VHL, HB is the first manifestation of the disease (Sora 
et al., 2001). The true proportion of HB associated with VHL dis¬ 
ease, in any case, seems to be underestimated, given the fact that 
molecular genetic analysis was not performed in all patients with 
CNS HB without evidence of family history or other VHL disease- 
related lesions. 

Diagnostic investigations 

Detailed investigation starts with a thorough physical examina¬ 
tion bearing in mind all potential manifestations of VHL disease. 
In addition to neurological examination including fundoscopy, 
abdominal and genital examination are most pertinent. Labo¬ 
ratory investigation should include red cell count, hemoglobin, 
hematocrit, serum epinephrine and norepinephrine, and a 24- 
hour urinary analysis for vanillylmandelic acid and catecholamine 
levels. 

HBs are diagnosed by MRI of the brain and the spinal cord 
(Figure 26.2). The MRI is the examination of choice for diagno¬ 
sis. MRI of the entire neuraxis should be performed for all patients 
with the diagnosis of an HB to rule out multiple hemangiomas. 
MRI is recommended at least once a year for patients older than 
10 years with VHL. HBs have a typical appearance of an extraor¬ 
dinarily bright-enhancing, well-circumscribed mass often associ¬ 
ated with a cyst. Cystic lesions appear hypointense on T1 -weighted 
and hyperintense in T2-weighted images with minimal edema and 
a mural nodule that enhances intensely with intravenous gadolin¬ 
ium. Solid HBs typically enhance homogenously with gadolinium. 
Vascular flow voids of prominent vessels may also be seen. Dif¬ 
ferential diagnoses of a typical single lesion on MRI are pilocytic 
astrocytoma (children), pleomorphic astrocytoma (uncommon 
in post fossa), or metastasis (rarely with cyst). Cerebral CT typi¬ 
cally shows a hypodense cyst with an isodense, noncalcified mural 
nodule on the part of the cyst closest to a pial surface and has a 
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Figure 26.2 a. Non-enhanced sagittal MRI shows a cystic lesion in the posterior fossa compatible with HB. b. Coronal MRI with gadolinium depicts the bright nodular 
enhancement associated with the large cystic component, as a typical feature of posterior fossa HB. (Courtesy of Professor P. Maeder, Department of Radiology, 
Centre Hospitalier Universitaire Vaudois, Lausanne.) 


complementary nature in the diagnosis of posterior fossa 
HBs, especially in cases with hemorrhage (Cornell et al., 1979; 
Zimmerman etal., 1980). 

Before the introduction of MRI, angiography was essential to 
establish the diagnosis of HB (Di Chiro etal., 1982; Kitaoka et al., 
1981). With increasing MRI experience, the indication for angiog¬ 
raphy has become increasingly debatable; angiography is an inva¬ 
sive investigation, can result in some complications, and its clini¬ 
cal utility is ambiguous (Heiserman et al., 1994; Willinsky et al., 
2003). Conventional digital subtraction angiography should be 
used very selectively (not for diagnostic but for preoperative man¬ 
agement of cases with very large and solid HB). Figure 26.3 shows 
in detail the large vascular pedicle that may be of mixed pial 
dural origin and often an early draining vein indicating AV shunt¬ 
ing. Large solid HBs with high flow may mimic arteriovenous 
malformations. Note that the radiological absence of a typical 
cystic component raises the real possibility of a metastatic RCC 
in view of the known association of these lesions; however, the 
two can be readily differentiated histologically. The radiological 
work-up for extra CNS lesions are discussed elsewhere (Levine 
etal., 1982). 

Proposal for apparently sporadic CNS HB 

Patients in whom a sporadic CNS HB is detected should undergo 
a screening protocol: ophthalmological examination, blood work 
and urinary catecholamine evaluation, whole neuraxis MRI, 
abdominal ultrasound or CT, and an interview with a geneticist. 
If there is a negative pedigree analysis and absence of clinical and 
radiological evidence of VHL disease, they might undergo a DNA 



Figure 26.3 Selective lateral vertebral angiography showing a highly vascular 
mass typical of HB. (Courtesy of Professor P. Maeder, Department of Radiology, 
Centre Hospitalier Universitaire Vaudois, Lausanne.) 

analysis if they give informed consent. If the DNA analysis is not 
affected, there is no need for periodic monitoring. If affected, the 
patient should have periodic monitoring (neuraxis MRI, abdom¬ 
inal ultrasound, and ophthalmic examination every year), and 
family members should have a DNA analysis. If their DNA is 
also affected, they should be screened for VHL and monitored 
periodically. 
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Figure 26.4 Tl-weighted coronal MRI (a) showing a markedly enhancing lesion in the right superior cerebellar peduncle that presented with vermian and 
subarachnoid hemorrhage. Note also the associated cyst suggestive of HB. T2-weighted axial MRI (b) showing the typical finding of an acute hemorrhage. (Courtesy 
of Professor P. Maeder, Department of Radiology, Centre Hospitaller Universitaire Vaudois, Lausanne.) 


Stroke and VHL 

Presentation of HBs with a stroke syndrome is rare despite their 
highly vascular nature (Figure 26.4), and the risk of hemorrhage 
associated with them is not yet known. 

The risk of clinically apparent intracranial or intramedullary 
subarachnoid or parenchymal hemorrhage is decidedly uncom¬ 
mon and accounted for only 2% in one series (Resche etal., 1993). 
Twelve studies report spontaneous hemorrhage (intraparenchy- 
mal or subarachnoid) in patients with HBs. The tumor size was 
not stated in all studies and ranged from 1.5 to 5 cm (mean 2.3 cm) 
(Cervoni et al., 1995; Glasker and Van Velthoven, 2005; Minami 
etal., 1998; Wakai etal., 1984; Yu ef al., 1994). AO.0024 riskofspon- 
taneous hemorrhage per person per year was calculated according 
to a recent German study (Glasker and Van Velthoven, 2005). The 
most important point of interest is the size of the lesions that bled. 
The average diameter was 2.7 cm in the literature review. Most 
HBs are much smaller than this. Wanebo et al. (2003) recently 
published size measures of a large series of 279 cerebellar and 
385 spinal HBs. The mean diameter was calculated retrospec¬ 
tively from the published data: an average of 1.1 cm for cere¬ 
bellar HBs and 0.85 cm for spinal HBs (Wanebo et al., 2003). 
The lesion size associated with spontaneous hemorrhage appears 
to be larger. The same observation was made for patients with 
severe postoperative hemorrhage, in which the tumors were even 
larger. 

Depending on the localization and the extent of the spontaneous 
hemorrhage, the patients’ symptoms are different. Decreased level 
of consciousness, nausea, vomiting, generalized seizures, and 
focal neurological deficits are stated as possible symptoms. Case 


fatalities following acute hemorrhage have also been described 
(Adegbite etal., 1983; Kikuchi etal., 1994). 

It seems that the risk of hemorrhage, whether spontaneous or 
postoperative, might be determined by the size of the tumors. This 
could be explained by the high blood flow through these lesions. 
Similar pathophysiological mechanisms as in arteriovenous mal¬ 
formations take place, and the partial transmission of the arterial 
pressure to the venous side, together with the high flow, eventually 
causes structural changes that lead to vascular vulnerability. 

The high percentage of subarachnoid hemorrhage (68% in one 
of series) described can be explained by the superficial location of 
medullary HBs in cases of spinal cord HB (Berlis etal., 2003; Cerejo 
et al., 1990; Dijindjian etal., 1978; Irie etal., 1998; Kormos etal., 
1980), whereas cerebellar HBs tend to bleed intraparenchymally. 

Recently, an association of VHL disease affecting the CNS with 
a ruptured intracranial aneurysm as the initial presentation was 
described in a young patient (Sharma and Jha, 2006). A possible 
causal relationship between a mutation in the VHL tumor sup¬ 
pressor gene and the aneurysm formation was suggested. 

Hemorrhage and management 

A patient presenting with a hemorrhage in the posterior fossa 
warrants an emergency neurosurgical admission. Urgent surgi¬ 
cal evacuation of the hematoma and the underlying HB may be 
life saving and is particularly indicated in these rare instances of 
acute hemorrhage. These patients with VHL tend to present at 
a younger age than most with spontaneous intracerebral hem¬ 
orrhage, and most have a good overall prognosis in the absence 
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of RCC. With regard to the lesion itself, surgical resection is the 
treatment of choice for symptomatic HBs (with or without hem¬ 
orrhage) as a complete resection is possible in almost all cases. 
At surgery, the lesions usually appear as highly vascular nod¬ 
ules and usually abut the leptomeninges. Surgical attack of cystic 
lesions should be targeted only at the enhancing mural nodule, 
and the cystic wall should be resected only in those rare purely 
cystic lesions without evidence of a mural nodule at the time of 
surgery. Further details of surgical technique are beyond the scope 
of this chapter and are found elsewhere (Vernet and de Tribolet, 
1999). 

Postoperative mortality of cerebellar HB has been reported as 
high as 16% (higher for solid tumors). This percentage may be 
explained in part by the multisystem nature of the disease and 
the multitude of potential complications. Of particular surgical 
relevance is difficulty with control of systemic blood pressure as 
a previously unsuspected Pheo is unmasked under general anes¬ 
thesia. It is also known that resection of one lesion may lead to 
the development of other previously quiescent tumors (Miyagami 
and Katayama, 2004). This lends credence to a policy of observ¬ 
ing and not operating on asymptomatic lesions. These patients 
should be subjected to a full evaluation. A very recent study by the 
National Institutes of Health (NIH) suggests that even unqualified 
radiographic progression should not be used as an indication for 
treatment because HBs exhibit a stuttering growth pattern and 
do not require treatment for long intervals. Some threshold val¬ 
ues were presented for tumor size and/or tumor and cyst growth 
rates to be used to predict symptom formation and future need for 
treatment (Ammerman etal., 2006). 

In early postoperative hemorrhage, a mechanism known from 
arteriovenous malformation surgery may be applicable. A process 
known as normal perfusion pressure breakthrough means that 
the vascular bed in brain adjacent to an arteriovenous malforma¬ 
tion is chronically exposed to decreased pressure and, as a result 
of chronic hypoxia, loses its normal autoregulatory response and 
becomes maximally vasodilated. Swelling from edema and hemor¬ 
rhage can occur after removal of the shunt if this dysautoregulated 
vascular bed is exposed to normal perfusion pressure. 

Considerable intraoperative blood loss generally can be 
avoided, even in large tumors, by respecting the tumor surface 
and circumscribing coagulation of all feeding vessels. However, 
when an HB is not primarily suspected from the MRI scan, the 
surgeon might enter the tumor and significant blood loss might 
follow. Usually the imaging and intraoperative features of HBs are 
unambiguous; however, HBs in unusual locations could present 
some diagnostic difficulty. 

Because large solid HBs of the CNS harbor a significant risk 
of perioperative and postoperative hemorrhage, angiography and 
eventual preoperative embolization might be considered in large 
tumors and we suggest in very specific cases with large and solid 
tumors. Several authors have performed embolization of HBs with 
ambiguous results and, in some cases, posterior fossa swelling 
requiring emergency craniotomy (Eskridge et al., 1996; Tampieri 
etal., 1993; Vazquez-Anon etal., 1997). Therefore, whether to per¬ 
form angiography and eventually embolization in these vascular 
tumors remains a matter of debate. 


In general, large solid HBs can cause fatal spontaneous or post¬ 
operative hemorrhage and should be managed with this complica¬ 
tion in mind. Conversely, HBs with a diameter smaller than 1.5 cm 
are associated with virtually no risk of hemorrhage. Thus, angiog¬ 
raphy is not indicated in patients with small HBs. 

The role of radiotherapy or radiosurgery is limited and has been 
recommended for nonresectable or recurrent tumors of the high 
cervical cords and medulla (Smalley et al., 1990). In a recent series 
of 14 patients with VHL disease, 50% of patients developed further 
disease by 5 years (Rajaraman etal., 2004). Although radiosurgery is 
a useful palliative measure, its efficacy is limited by the tendency of 
further disease to develop or progress intracranially. Management 
of extra-CNS lesions is beyond the scope of this chapter; however, 
it plays a crucial role in the treatment and prognosis of this disease. 

Prognosis 

Survival depends largely on the presence of visceral lesions and 
especially RCC (25%-40% of VHL cases). Multiple CNS HBs, the 
association of retinal and CNS lesions, and onset of the disease 
before the age of 30 years are predictors of poor prognosis. The 
development of an adjacent primary lesion must be considered in 
cases of recurrence after total resection. 

Conclusion 

In younger patients who present with spontaneous intracerebral 
hemorrhage, particularly in the posterior fossa, one may add HB 
as part of the differential diagnosis. The possibility of VHL syn¬ 
drome should be kept in mind in the context of (1) multiple 
cerebral lesions, (2) progressive visual loss with retinal lesions, or 
(3) suggestive family history. 

Screening for VHL disease following the diagnosis of a cerebral 
HB is indispensable given the high risk of associated lesions with 
hereditary forms. The most commonly associated lesions are cere¬ 
bellar HBs and RAs, so the diagnosis of VHL disease can occasion¬ 
ally be made on fundoscopy following the discovery of a typical 
posterior fossa HB. If the tumors are small and asymptomatic, the 
patient’s clinical condition should be carefully watched until the 
appearance of any symptoms. The best treatment for this tumor 
is surgical resection. If the tumor is difficult to remove from its 
primary site, it can sometimes be treated with radiosurgery. The 
long-term outcome with radiosurgery treatment is still uncertain, 
however. 

Direct genetic testing is available for patients affected with 
VHL disease in whom the majority of germline mutations can 
be detected. This mutational analysis has proved to be of impor¬ 
tant prognostic significance, and gene testing has become an 
important tool in the management of VHL disease. Novel treat¬ 
ment strategies at a molecular level will be developed accord¬ 
ing to a better understanding of the VHL gene product. Recent 
clinical advances have improved outcomes for patients with CNS 
HBs and emphasized the importance of early detection of VHL 
disease for more precocious and effective treatment of the sev¬ 
eral associated conditions. Similarly, it is important to recognize 
affected asymptomatic family members who could benefit by early 
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detection of associated VHL lesions. Conversely, the exclusion 
of family members who are not gene carriers as at-risk subjects 
reduces the economic and psychological burden of tiring clinical 
and instrumental screening and monitoring protocols. 

Thus the importance of early diagnosis and long-term follow¬ 
up cannot be overemphasized to recognize affected individuals 
and high-risk groups. In this way, one can avoid complications 
and treat lesions at an earlier presymptomatic stage, leading to a 
better quality of life and improved long-term prognosis. 
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Overview 

The rupture of a cerebral arterial aneurysm, often with devastat¬ 
ing clinical results, is a well-documented cause of hemorrhagic 
stroke. These aneurysms are dilatations of the walls of major 
cerebral arteries, typically located at branch points, and are cat¬ 
egorized by their shape or etiology. Rupture of these aneurysms 
classically results in bleeding into the basal subarachnoid cisterns 
(subarachnoid hemorrhage [SAH]), often with extension into the 
ventricular cavities. Clinical manifestations are related to the 
initial hemorrhage and its subsequent complications such as 
vasospasm and hydrocephalus. In unruptured aneurysms, symp¬ 
toms related to aneurysmal mass effect and thromboembolism 
and resultant ischemia can occur. 

Saccular aneurysms 
Prevalence and incidence 

Although the exact figure is somewhat controversial, the preva¬ 
lence of intracranial aneurysms in the general population is rel¬ 
atively high. Review of autopsy and radiographic studies suggest 
that between 2% and 4% of people harbor intracranial aneurysms 
(Rinkel et al., 1998). In contrast, the incidence of SAH from rup¬ 
tured saccular aneurysms is relatively low, estimated at between 
6 and 11 per 100 000 persons per year, or approximately 1 per 
10 000, (Mayberg et al., 1994; Weir, 1987). Given the lowrupture- 
to-prevalence rate, demonstrating that most aneurysms do not 
rupture, much effort has been spent on attempting to determine 
what aneurysms are at the greatest risk of bleeding. 

Gender and age at rupture 

It is clear that the risk of having an aneurysm rupture increases with 
age (Pakarinen, 1967; Phillips et al., 1980; Weir, 1987; Wiebers et 
al., 1987). Combined data of several studies indicate that ruptures 
peak in the fifth and sixth decade of life, with approximately 50% of 
all ruptures occurring during these two decades. In one review, the 
incidence in the first decade was <1%, 2% in the second, 6% in the 
third, 15% in the fourth, 26% in the fifth, 28% in the sixth, 16% in 
the seventh, and 6% in the eighth (Pakarinen, 1967). There is also 
a slight overall female predilection (56%) for aneurysmal rupture. 
However, this is borne out only after the fifth decade, prior to which 
men have a slight preponderance. Interestingly, men appear to be 
more prone to aneurysms of the anterior communicating artery 


whereas the converse is true for carotid artery aneurysms (Weir, 
1987). 

Familial aneurysms 

The clustering of intracranial aneurysms in families is well 
reported in the literature and is likely more common than has been 
appreciated (Ronkainen et al., 1993; Sakai et al., 1974; Schievink 
et al., 1994). Approximately 7%-20% of patients with a ruptured 
aneurysm have a first- or second-degree relative with an intracra¬ 
nial aneurysm (ISUIA, 1998;NorrgardefaZ., 1987; Ronkainen etal., 
1993; Schievink etal., 1994), and among first-degree relatives of a 
patient with a ruptured aneurysm, the risk of having a ruptured 
intracranial aneurysm is approximately four times higher than 
in the general population (Schievink, 1997). The role of screen¬ 
ing for aneurysms in family members is not determined. It is 
recommended by some (Leblanc et al., 1994; Obuchowski et al., 
1995), whereas others feel the yield will be too low (MRA Study 
Group, 1999; Raaymakers, 1999). A reasonable recommendation 
is to screen with non-invasive methodology (magnetic resonance 
angiography [MRA] or three-dimensional CT angiography) late 
teenage and adult first-degree relatives in families where two or 
more first-degree relatives have been proven to have a cerebral 
aneurysm (Heros, 2006). Genetic linkage studies are underway to 
attempt to identify genes that may underlie the development and 
rupture of intracranial aneurysms (Broderick et al., 2005; Ruigrok 
etal., 2004, 2005). 

Multiplicity 

More common in women, multiple aneurysms are present in 
approximately 14%-24% of patients with aneurysms based on 
large series (ISUIA, 1998; SahsetaZ., 1969; Suzuki, 1979). Inpatients 
with multiple aneurysms, two are present in 77%, three in 15%, and 
four or more in 8% (Suzuki, 1979). In patients with two aneurysms, 
47% had them on opposite sides, 21% had them on the same side, 
29% had one in the midline and one on the side, and 3% had both 
midline (Sahs etal., 1969). 

Determination of which aneurysm ruptured may occasionally 
be challenging, and the localization of blood on CT imaging is often 
helpful. Aneurysm characteristics such as irregularity of shape 
(Nehls et al., 1985), size (Wood, 1964), local vasospasm, intra- 
aneurysmal thrombus, or focal neurological findings may be of 
further assistance. 
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Natural history 

Ruptured 

The ruptured intracranial aneurysm with SAH has been well inves¬ 
tigated in the neurological literature (Haley et al., 1992; Kassell 
and Drake, 1982; Pakarinen, 1967; Sahs et al., 1969). Rupture of 
an aneurysm is associated with a very high degree of morbid¬ 
ity and mortality. It is estimated that approximately one-third of 
patients die or are severely disabled by the initial hemorrhage. Of 
the survivors, 50% will die or be severely disabled due to rebleed, 
vasospasm, or complications of treatment, and only 50% will make 
a good functional survival (Kassell and Drake, 1982). The last coop¬ 
erative study reported that the risk of rerupture was greatest in 
the first 24 hours, at 4.1%, and was 1.5% per day for the next 
few days with an approximate risk of 20% at 2 weeks (Kassell 
and Torner, 1983). The poor prognosis for patients with a rup¬ 
tured aneurysm provides the impetus for aggressive therapeutic 
management. 


Unruptured 

Asymptomatic unruptured aneurysms are found as incidental 
lesions on CT, MR, or conventional contrast cerebral angiogra¬ 
phy performed for rupture of a different aneurysm, for unrelated 
symptoms, or for routine screening. Unruptured aneurysms have 
been the subject of intense scrutiny and discussion by several 
authors (ISUIA, 1998, 2003; Juvela et al., 1993, 2000; Wiebers ef al., 
1981, 1987; Yasui et al., 1997), and our understanding of their 
behavior continues to evolve. The recent international study of 
unruptured intracranial aneurysms included retrospective (ISUIA, 
1998) and prospective (ISUIA, 2003) components and enrolled 
more than 6600 patients. This controversial study suggests that 
the risk of rupture is lower than previously believed and that an 
unruptured aneurysm in a patient with no prior history of SAH 
(group 1) behaves differendy than one in a patient with prior 
hemorrhage from a different aneurysm (group 2). In group 1 
patients the risk of rupture was 0.05% per year for aneurysms 
smaller than 10 mm, 1% per year for those larger than 10 mm, 
and 6% per year in those larger than 25 mm. Higher risk was 
also predicted for posterior communicating, basilar apex, poste¬ 
rior cerebral, and vertebrobasilar aneurysms. In group 2 patients 
the risk of rupture in <10-mm aneurysms was 10 times higher 
at 0.5% per year; however, basilar apex was the only location 
associated with increased risk (ISUIA, 1998). The prospective 
arm of this multicenter trial enrolled 4060 patients from 61 cen¬ 
ters, with a mean follow-up of 3.9 years. This study suggests 
an overall incidence of 0.8% per year risk of rupture, which 
was more in keeping with, although still lower than, other pub¬ 
lished data (Jane et al., 1985, Juvela et al., 2000; Tsutsumi et al., 
2000). Given the high prevalence of intracranial aneurysms in the 
general population and the high risk of poor outcome follow¬ 
ing rupture, the management of the unruptured, asymptomatic 
aneurysm is a current topic of debate (Dumont et al., 2002; 
Riina and Spetzler, 2002; Tummala et al., 2005; Wiebers et al., 
2003). 


Clinical syndromes 

SAH 

While most intracranial aneurysms remain silent until rupture, 
the clinical syndrome of aneurysmal SAH is distinct and char¬ 
acteristic. Despite the classic history of the sudden onset of an 
explosive headache, often recalled as the worst headache of the 
patient’s life, misdiagnoses such as migraine, flu, sinusitis, hyper¬ 
tension, etc., are common (Ostergaard, 1991; Schievink et al., 
1988). Furthermore, as many as half of patients describe an 
acute but slight headache in the weeks preceding rupture, sug¬ 
gestive of a warning, or sentinel, hemorrhage (Leblanc, 1987; 
Ostergaard, 1991; Sahs et al., 1969; Waga et al., 1975). Depend¬ 
ing upon the severity of the hemorrhage, menigismus, loss of 
consciousness, lethargy, nausea, vomiting, sixth nerve palsies, 
papilledema, and subhyaloid retinal hemorrhages may be found. 
A generalized seizure, although dramatic and occurring in up 
to 25% of patients, does not appear to be a predictor of out¬ 
come or of late epilepsy (Hart et al., 1981). Major focal deficits 
at onset are rare except when there is associated intracerebral 
hemorrhage. 


Intracerebral hemorrhage 

Significant parenchymal hemorrhage occurs in approximately 
40% of patients with a ruptured aneurysm (Hauerberg etal ., 1994). 
Most frequently it is accompanied by some degree of SAH, which 
suggests that the origin of the intracerebral hemorrhage was a 
ruptured aneurysm. Occasionally, the intracerebral hemorrhage 
occurs without associated SAH, but even in these cases a rup¬ 
tured aneurysm may frequently be suspected by the location of 
the hemorrhage. For example, temporal lobe or frontal lobe hem¬ 
orrhages that appear to originate from the sylvian fissure are very 
suggestive of a ruptured middle cerebral aneurysm, deep frontal 
hemorrhages that appear to arise from the general area of the top 
of the carotid bifurcation suggest a ruptured carotid bifurcation 
aneurysm, basal frontal hemorrhages reaching the anterior com¬ 
municating region are very suggestive of an anterior communi¬ 
cating aneurysm, and “butterfly” hemorrhages into both medial 
frontal lobes are virtually pathognemonic of a ruptured perical¬ 
losal aneurysm. 

Stroke-like apoplectic clinical syndromes occur with aneurys¬ 
mal intracerebral hemorrhage and correspond to the affected area. 
Lateralized focal neurologic deficits are most common with intra- 
parenchymal hemorrhages due to middle cerebral aneurysms. 
When the hemorrhage involves the temporal lobe, it can lead 
rapidly to herniation, and it is important to recognize an aneurysm 
as the possible source of the hemorrhage because, in these cases, 
emergency surgical evacuation can be life-saving, but it should be 
accompanied by treatment of the aneurysm to avoid the very high 
risk of a rehemorrhage, which is very common if the hematoma is 
evacuated and the aneurysm is left unsecured. Remarkable clinical 
recoveries can occur from prompt evacuation of an intratemporal 
hemorrhage even in patients in deep coma with unilateral pupil¬ 
lary dilatation. 
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Intraventricular hemorrhage 

Intraventricular hemorrhage from rupture of an aneurysm is 
observed in approximately 13%-28% of patients, with the respon¬ 
sible aneurysm being located at the anterior cerebral (40%), inter¬ 
nal carotid (25%), middle cerebral (21%), and vertebrobasilar 
(14%) arteries (Mohr et al., 1983). This study also showed that 
the degree of ventricular dilatation correlated with the outcome. 
Certain aneurysms are associated with specific patterns of intra¬ 
ventricular blood. Anterior communicating artery or upper basi¬ 
lar artery aneurysms may rupture into the third ventricle whereas 
distal posterior inferior cerebellar artery aneurysms often rupture 
into the fourth ventricle (Yeh etal, 1985). In contrast, acute sub¬ 
dural hematoma occurred in only 2% of patients with SAH and, 
as expected, was associated with a high degree of mortality (50%) 
(Weir etal., 1984). 

Brain ischemia 

Brain ischemia manifested as transient ischemic attack or cere¬ 
bral infarction is a rare but well-documented presentation of a 
previously undetected intracranial aneurysm. This is the presen¬ 
tation in 3-11% of patients with intracranial aneurysms (ISUIA, 
1998; Nagashima et al., 1993; Qureshi et al., 2000; Weibers et al., 
1987) and is diagnosed when ischemic symptoms are attributable 
to the vascular territory distal to the location of the aneurysm 
and when other more common causes of cerebral ischemia are 
excluded. In a review of 41 reported cases, the typical ischemic 
symptoms included motor deficit (47%), dysphasia (23%), sen¬ 
sory loss (11%), and visual field abnormality (9%). Responsible 
aneurysms were most commonly located on the internal carotid 
artery (40%) and middle cerebral artery (37%) (Qureshi et al., 
2000). Although thromboembolism from large or giant aneurysms 
appears to be more common (Antunes and Correll, 1976; Brownlee 
etal., 1995; Sakaki etal., 1980; see Figure 27.1), this phenomenon 
can certainly occur with any size aneurysm, with the average being 
12.5 mm (Kato et al., 2005; Qureshi et al., 2000). Experimental 
work utilizing radiolabeled platelets has confirmed that throm¬ 
bus may form within aneurysmal sacs and may subsequently 
embolize (Sutherland et al., 1982). Another study showed that a 
higher aneurysm sac-to-orifice ratio results in intra-aneurysmal 
hemodynamics favoring thrombus formation (Black and Ger¬ 
man, 1960). Although the clinical course of an aneurysm caus¬ 
ing ischemic symptoms appears to be more benign than previ¬ 
ously believed (Qureshi etal., 2000), it is likely poorer than that of 
an asymptomatic unruptured aneurysm and should therefore be 
appropriately treated (Kato etal., 2005; Nanda and Vannemreddy, 
2006). 

Mass effect 

The most familiar clinical presentation attributable to aneurysmal 
mass effect is that of third nerve palsy. Classically this manifests 
with pain, oculomotor palsy, mydriasis, and/or ptosis (Feely and 
Kapoor, 1987; Raja, 1972; Soni, 1974). However, the full spectrum 
of third nerve function has been implicated including painless, 
complete, or incomplete oculomotor paresis with or without pupil 
sparing, ptosis, etc. (Tummala et al., 2001). Thus an aneurysm 


should be suspected and ruled out in any patient with new-onset 
third nerve dysfunction. 

Mass effect related to giant (>25 mm) aneurysms present 
very similarly to neoplastic mass lesions; giant vertebrobasilar 
aneurysms may present with brainstem compression, cerebellar 
signs, or lower cranial nerve palsies; giant ophthalmic and ante¬ 
rior communicating aneurysms may cause a variable degree of 
visual loss; giant middle cerebral artery aneurysms may cause 
seizures or hemiparesis; and cavernous sinus aneurysms may 
present with retro-orbital pain and a cavernous sinus syndrome. 
Despite their significant size and often surrounding edema, most 
giant aneurysms still present with hemorrhage (Pia and Zierski, 
1982). Unruptured aneurysms presenting with mass effect may 
have a rupture risk as high as 6% per year (Wiebers et al., 1987), 
commanding their prompt treatment. 

Although focal clinical syndromes from aneurysmal mass effect 
usually develop gradually in a fashion more suggestive of a tumor, 
they can be sudden and stroke-like, presumably from acute expan¬ 
sion related perhaps to intramural hemorrhage or acute partial 
intra-aneurysmal thrombosis. 

Vasospasm 

Vasospasm is an important and still incompletely understood con¬ 
sequence of SAH from a ruptured aneurysm. Currently vasospasm 
has surpassed rebleeding as the most important complication after 
rupture of an aneurysm. Because general consensus nowadays 
is to secure the aneurysm early after rupture with either open 
microsurgery or endovascular occlusion, rebleeding, although still 
observed in the early hours after SAH, has acquired secondary 
importance in terms of responsibility for morbidity and mortal¬ 
ity. The most important cause of morbidity and mortality after 
SAH is the initial hemorrhage itself; however, after the initial 
hemorrhage is survived, vasospasm is now the most dangerous 
consequence of SAH. We still have only incomplete understand¬ 
ing of the cellular and molecular mechanisms responsible for 
vasospasm; however, it has become very clear that the amount 
of blood (the thickness of the clot) within the basal subarachnoid 
space is the most important determinant of vasospasm (Fisher 
et al., 1980; Mizukami et al., 1982). This has great clinical impor¬ 
tance because a simple early CT scan can be used as a very 
accurate predictor of vasospasm; with very few exceptions, it is 
only patients who have thick clots in the subarachnoid basal cis¬ 
terns that develop significant clinical vasospasm. Furthermore, 
vasospasm is usually maximal in those areas where the basal 
clot is the thickest. The importance of this is that prophylactic 
treatments such as intravascular volume expansion and perhaps 
some hemodilution and hypertension can be used prophylac- 
tically in anticipation of vasospasm in those patients at high 
risk. 

Although angiographic vasospasm is detectable in perhaps as 
many as 60%-70% of patients after SAH, only about 20% of these 
patients become clinically symptomatic. The clinical syndrome of 
vasospasm is delayed, usually becoming manifest sometime 
between the 4 th day and 12 th day after SAH. Usually the syndrome 
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Figure 27.1 A 45-year-old woman presenting with left cerebral ischemic stroke related to a largely thrombosed giant middle cerebral artery bifurcation aneurysm. 
Top row, left to right: preoperative CT scan, anteroposterior and lateral carotid arteriograms showing mass effect and thrombosis of the aneurysm. Bottom row, left 
to right: similar postoperative CT scan, anteroposterior and lateral carotid arteriograms showing clipping of the aneurysm and resection of the aneurysmal mass. 


develops slowly over a period of several hours to 1 or 2 days; 
however, clinical evolution can be rather rapid and simulate a 
stroke. It is common to see a slight increase in temperature and 
in the white blood count 1 or 2 days before the onset of clini¬ 
cal vasospasm. Hyponatremia, another common complication of 
SAH, is also frequently detected in these patients before the clinical 
onset of symptoms. It is important to recognize that this hypona¬ 
tremia is due to excessive renal loss of sodium and consequent 
intravascular volume depletion as a result of excessive secretion 
of natriuretic factors secondary to hypothalamic derangement. 
Therefore, these patients need to be treated with volume reple¬ 
tion rather than with water restriction, which can exacerbate the 
ischemic consequences of vasospasm. The clinical syndrome of 
vasospasm is often heralded by an increase in the severity of 
headache and confusion and a gradually decreasing level of con¬ 
sciousness. Focal deficits can develop rapidly or in a more delayed 
fashion, but usually the full syndrome is apparent in a day or two 
if not treated clinically. Focal deficits usually correspond to arte¬ 
rial territories where maximal angiographic vasospasm is evident. 
Consequent decrease in cerebral perfusion pressure can lead to 
cerebral infarction if the patient is left untreated and in the worst 
cases despite maximal treatment. 


For years now, the most effective and established treatment for 
clinical vasospasm has been the rapid and vigorous institution of 
what has become colloquially known as “triple-H-therapy” con¬ 
sisting of hypervolemia, hypertension (which frequently is artifi¬ 
cially induced with vasopressors), and hemodilution (which often 
occurs naturally as a result of volume expansion with colloids 
or crystalloids without concomitant blood transfusions). When 
this therapy fails to reverse the clinical syndrome, endovascular 
angioplasty (mechanical dilatation of the arteries in spasm by bal¬ 
loons) and/or intra-arterial infusions of vasodilators such as cal¬ 
cium channel blockers or papaverine has now been established as 
a very effective treatment. 

One of the complexities of vasospasm from the clinical point of 
view is that frequently we have a mixture of marginally perfused 
areas in the brain, which are not yet fully infarcted and which 
respond to volume expansion and increased perfusion pressure, 
and frankly infarcted areas where such therapy can be expected 
not to be effective and to be possibly detrimental. The balance 
between areas already infarcted and marginally perfused areas 
at risk determines whether hypervolemic hypertensive therapy is 
continued or not; this of course is an area that requires exquisite 
clinical judgment aided by imaging studies and, if available, other 
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physiologic forms of monitoring such as blood flow determina¬ 
tions by a variety of methods, microdialysis, etc. 

Other aneurysms 
Infectious 

Aneurysms related to infections are uncommon but well recog¬ 
nized. Well over 200 cases of infectious brain aneurysms have 
been reported (Baldwin et al., 1994), with those due to bacte¬ 
ria far outnumbering those due to fungal infections. Classically, 
these aneurysms are a result of emboli from vegetative bacte¬ 
rial endocarditis. They generally are peripheral in location, where 
infective emboli are likely to occur, and frequently are multiple. 
The reported incidence is as high as 10% in patients with endo¬ 
carditis (Bohmfalk et al., 1978; Weir, 1987). The most common 
organisms isolated are Streptococcus, Staphylococcus, and Entero¬ 
coccus, followed by Neisseria, Pseudomonas, and Corynebacterium. 
The resolution of infectious aneurysms is well documented; how¬ 
ever, their formation and rupture during and/or following antibi¬ 
otic therapy is also reported (Barrow and Prats, 1990; Bohmfalk 
et al., 1978; Cantu et al., 1966; Frazee et al., 1980). As aneurysm 
size and number may fluctuate over time, close monitoring with 
serial angiography is warranted regardless of treatment. Factors 
to consider in deciding to surgically treat an infectious aneurysm 
include the neurological/medical condition of the patient, treat¬ 
ment of endocarditis, progression/development of aneurysms 
on antibiotics, accessibility of the aneurysm, and the presence 
of multiple aneurysms. The onset of a stroke-like syndrome in 
a patient with known or suspected infective endocarditis calls 
for investigation to rule out a mycotic aneurysm. Most often 
these strokes will be found to be due to embolic arterial occlu¬ 
sion, but the finding of an aneurysm (which in this setting 
can be presumed to be mycotic) may call for urgent surgical 
therapy. 

In contrast, fungal infectious aneurysms have a uniformly poor 
outcome with a >90% mortality rate. In their review of the lit¬ 
erature, Baldwin et al. (1994) noted that only two patients with 
fungal infectious aneurysms have survived, both having been 
operated on. No patient treated conservatively survived. These 
aneurysms are commonly related to extension of localized infec¬ 
tion from the skull and air sinuses, with Aspergillus being the 
most common pathogen followed by Candida albicans. Others 
include mucormycosis, phycomycetosis, cryptococcosis, and coc- 
cidiomycosis. Given the 100% mortality with conservative treat¬ 
ment, aggressive surgical treatment is warranted in medically sta¬ 
ble patients. 

Fusiform 

Fusiform dolichoectatic aneurysms are elongated dilatations of 
arteries, often growing to large proportions, commanding descrip¬ 
tions such as “megadolichoectatic.” These aneurysms are gener¬ 
ally believed to be due to atherosclerosis with disruption of the 
internal elastic membrane (Goldstein and Tibbs, 1981); however, 


some hypothesize that arterial dissection may be the initial insult 
leading to formation (Anson eta/., 1996; Day etal., 2003). Fusiform 
aneurysms are common in both the anterior circulation, specifi¬ 
cally, the internal carotid and middle cerebral arteries as well as 
the vertebrobasilar circulation. A broad spectrum of clinical pre¬ 
sentation exists (Anson etal., 1996). Mass effect and compression 
can result in almost any cranial neuropathy, including diplopia, 
trigeminal neuralgia, oculomotor paresis, facial numbness and/or 
weakness, and glossopharyngeal neuralgia. Large aneurysms can 
cause brainstem dysfunction and even obstructive hydrocephalus 
(Nishizaki etal., 1985; Rozario etal., 1978). 

Thrombosis in the aneurysm can result in ischemia related to 
main vessel occlusion (Little etal., 1981), distal emboli (Maruyama 
et al., 1989; Steel et al., 1982), or perforator occlusion or distor¬ 
tion (Hirsh and Gonzalez, 1979; Nishizaki et al., 1985). Rupture 
of these aneurysms occurs in 20%-40% (Anson et al., 1996; Lit¬ 
tle et al., 1981) and with less frequency than with similar size 
saccular aneurysms (Drake, 1975). Treatment of these lesions is 
a formidable challenge to even the most accomplished of sur¬ 
geons and must be tailored to each patient with careful considera¬ 
tion of several key factors. These include location, anatomical fea¬ 
tures such as length and size of ectasia, involvement of perforating 
vessels, presence of collateral vessels, symptomatology (i.e. mass 
effect vs. ischemia vs. rupture). Surgical strategies include direct 
treatment (i.e. direct clipping, clip reconstruction, and aneurysm 
resection; see Figure 27.2) or indirect treatment (i.e. proximal 
vessel occlusion with or without revascularization, aneurysm trap¬ 
ping with or without revascularization, and wrapping). Endovas¬ 
cular techniques are gradually gaining popularity in the treat¬ 
ment of these aneurysms. In a recent series of 40 patients, those 
with anterior circulation aneurysms fared better than those with 
posterior circulation aneurysms. Ninety percent of patients with 
anterior circulation aneurysms had a good outcome, whereas this 
number was 65% in patients with posterior circulation aneurysms 
(Anson etal., 1996). 

Although strokes secondary to extracranial arterial dissec¬ 
tions are a separate topic, we would like to point out 
here that intracranial dissections, which are frequently called 
“dissecting aneurysms," are a frequent cause of both hemor¬ 
rhagic and ischemic stroke (Caplan et al., 1988; Hart and Eas¬ 
ton, 1983; Mokri et al., 1988). Curiously, most patients present 
with either ischemic syndromes, which are usually of abrupt 
stroke-like onset, or hemorrhage. Rarely these two clinical pre¬ 
sentations can co-exist or follow each other by a short period 
of time. Hemorrhage is particularly common with vertebral dis¬ 
secting aneurysms but can occur with any intracranial dissect¬ 
ing aneurysm. Hemorrhage is common in intracranial dissections 
because the dissection plane is usually through the media or sub- 
adventitial layers as opposed to extracranial dissections, which 
usually occur at a subintimal plane and rarely if ever lead to 
hemorrhage. 

Vertebral dissections can simulate a number of vertebro-basilar 
stroke syndromes including the lateral medullary infarct from 
occlusion of the posterior inferior cerebellar artery. Occasion¬ 
ally the dissection may involve or extend into the basilar artery 
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Figure 27.2 A 53-year-old man presenting with posterior inferior cerebellar artery infarct related to vertebral artery fusiform aneurysm. Top row: vertebral 
arteriogram and intraoperative photograph showing aneurysmal dilatation of the vertebral artery ( arrowhead ). Bottom row: vertebral arteriogram and 
intraoperative photograph demonstrating obliteration of aneurysm and preservation of vertebral artery lumen with three fenestrated clips placed in a "picket-fence" 
fashion. See color plate. 


causing a variety of pontine and posterior circulation ischemic 
syndromes (Caplan et al., 1995; Hart and Easton, 1983; Mokri 
et al., 1988). Carotid artery dissections extending into, as well as 
those originating within, the middle cerebral artery lead to typical 
ischemic stroke syndromes of the middle cerebral territory. When 
patients present with purely ischemic symptoms without evidence 
of hemorrhage, the treatment of choice is anti-coagulation which, 
although recommended, is always administered with some hes¬ 
itation given the fact that these dissecting aneurysms can bleed; 
however, hemorrhage after ischemic presentation, as indicated 
above, is unusual. 


Associated diseases 

Polycystic kidney disease 

Autosomal dominant polycystic kidney disease (PKD) has long 
been known to be associated with intracranial aneurysms (Brown, 
1951). PKD is prevalent, affecting between 1 in 400 to 1 in 1000 
persons (Fick and Gabow, 1994). In these patients, intracranial 
aneurysm are 4-5 times more common than in the general popu¬ 
lation, and are found in approximately 8% of these patients (Pirson 
et al ., 2002). The incidence of rupture is roughly five times greater 
than in the general population, and is estimated at 1 per 2000 
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(Schievink efflZ., 1992). Screening with CT angiography or MRA is 
recommended for patients with PKD (Chapman et al. } 1992; Pir- 
son et al., 2002). Two genes have been implicated. PKD1 (85%, 
chromosome 16) and PKD2 (15%, chromosome 4) produce Poly- 
cystinl and Polycystin2, respectively. These are expressed in vas¬ 
cular smooth muscle cells, adjacent endothelial cells, and elastic 
tissue of normal adult elastic arteries and are implicated in the 
structural integrity of vessels (Pirson etal., 2002). 

Connective tissue disorders 

Marfan’s syndrome affects 1 in 10 000 to 20 000 people. It is recog¬ 
nized by tall stature, arachnodactyly, and anterior chest deformity. 
Aortic and mitral valve insufficiency and aortic dissection and rup¬ 
ture can cause sudden death. The arterial defect is characterized 
by cystic medial necrosis and disruption of elastic fibers (Stehbens 
etal., 1989), and aneurysms of both saccular and fusiform nature 
have been described (Finney et al. } 1976; Schievink et al., 1994). 
The implicated gene FBN-1 encodes for a glycoprotein, Fibrillin-1, 
a component of microfibrils (Ramirez et al., 1999; Sakai et al., 
1986). Microfibrils are an important constituent of the extracellular 
matrix and are found in elastic and non-elastic tissues through¬ 
out the body. In elastic arteries, it is expressed in all three layers. 
Although large series do not exist, the incidence of intracranial 
aneurysms in Marfan’s patients is approximately 6.5% (Schievink, 
1999). 

Ehlers-Danlos syndrome type IV is rare, affecting 1 in 50 000 
to 1 in 500 000 (Byers, 1995). It is characterized by hypermobil¬ 
ity of the joints and easy bruising, with life-threatening problems 
arising from aneurysmal dilation, dissection, or spontaneous rup¬ 
ture of medium and large sized vessels of the body because of a 
deficiency of type III collagen, encoded by the COL3A1 gene on 
chromosome 2 (Byers, 1995; Pope et al., 1975), and an important 
component of distensible organs of the body, such as blood ves¬ 
sels and viscera. Intracranial aneurysms, carotid cavernous fis- 
tulae, and undetermined spontaneous intracranial hemorrhage 
have all been described in patients with Ehlers-Danlos (Graf, 1965; 
North et al., 1995; Rubenstein and Cohen, 1964; Schoolman and 
Kepes, 1967). All invasive procedures, treatment or diagnostic, are 
associated with high complication rates, greatly limiting treatment 
options. 

Conclusions 

Intracranial aneurysms are not a rare cause of both hemorrhagic 
and ischemic stroke. Although the initial and most serious man¬ 
ifestation of an intracranial aneurysm, SAH, does not typically 
result in focal neurologic deficits, several complications of rup¬ 
tured or unruptured aneurysms can lead to focal neurologic 
deficits, which may develop suddenly in a stroke-like fashion. This 
is most often seen as a result of intracerebral hemorrhage from the 
initial rupture of the aneurysm. Cerebral vasospasm after SAH is 
another common cause of stroke-like, focal deficits. Thromboem¬ 
bolism from the dislodgement of an intra-aneurysmal clot is a 
less frequent cause of ischemic stroke. Although focal neurologic 
syndromes from mass effect from unruptured aneurysms usually 
develop gradually, they can occur abruptly in a stroke-like fashion, 


probably from acute intra-aneurysmal thrombosis and/or intra¬ 
mural hemorrhage within the aneurysm leading to acute aneurys¬ 
mal expansion. Intracranial dissecting aneurysms and fusiform 
dolichoectatic aneurysms can produce stroke-like ischemic syn¬ 
dromes from occlusion of large branches such as the posterior 
inferior cerebellar artery in cases of vertebral dissection or from 
occlusion of the origin of perforating arteries such as occurs fre¬ 
quently when these aneurysms involve the basilar artery or the 
middle cerebral artery. Finally, a mycotic aneurysm should always 
be suspected in patients with proven or presumed bacterial endo¬ 
carditis who develop a stroke. Although most frequently this stroke 
would be due to occlusive thromboembolism, the frequency of 
mycotic aneurysms in this setting is high enough to justify aggres¬ 
sive diagnostic and therapeutic interventions. 
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ARTERIOVENOUS MALFORMATIONS OF THE BRAIN 

Taro Kaibara and Roberto C. Heros 


Introduction 

The dramatic descriptions by Harvey Cushing regarding his expe¬ 
riences operating on “angiomas” of the brain reflected the initial 
sense of futility in the treatment of arteriovenous malformations 
(AVMs). Although Cushing and Bailey (1928) and Dandy (1928) 
published personal case series, it was the development of cere¬ 
bral angiography in 1927 (Moniz, 1927) that initiated our modern 
understanding and treatment of AVMs. 

AVMs are complex vascular lesions that typically present with 
hemorrhage or seizures. Classically there is no normal interven¬ 
ing brain within an AVM, and the lack of a capillary bed results in 
fistulous, rapid shunting of blood from the arterial to the venous 
system. This creates a sump-like effect that may result in relative 
ischemia of the surrounding brain, or may cause venous conges¬ 
tion and ischemia through arterialization of the normal venous 
drainage of the brain. These flow-related effects may be respon¬ 
sible for the focal neurological deficits occasionally observed in 
patients with an AVM. These congenital lesions occur throughout 
the brain; however, they most often are located supratentorially 
(90%), and often project in a funnel-like fashion to a ventricular 
surface deep within the cerebrum. 

The earliest successful operations of AVMs were reported by 
Olivecrona and Riives (1948), who successfully removed 81 AVMs 
with “only” a 9% mortality, and Yasargil (1987), who identified and 
reviewed 500 surgically treated patients with AVMs between 1932 
and 1957. Even in these early cases, the importance of AVM size 
upon outcome was recognized, noting a 5% mortality in small 
AVMs compared to a 10% mortality for moderate-sized lesions. 
With the gradual development and advancement of microsurgi- 
cal techniques and technology, including the surgical microscope 
and bipolar cautery, AVMs can now be treated with low morbidity 
and practically no mortality (Drake, 1979; Heros etal., 1990,1993; 
Malis, 1979; Parkinson and Bachers, 1980; Penfield and Erickson, 
1941; Spetzler and Martin, 1986; TamakiefaZ., 1991; Yasargil, 1969, 
1988). 


Natural history 

A clear understanding of the natural history of the disease is critical 
in the management of AVMs. AVMs are approximately one-tenth as 
common as aneurysms. The prevalence of AVM from autopsy stud¬ 
ies is estimated at 0.5-0.8% (Martin and Vinters, 1995), whereas the 
incidence of hemorrhage from AVM is estimated at approximately 


1 per 100 000 population (Perret and Nishioka, 1966; Schoenberg 
etal., 1988). 

Several studies have evaluated in detail the risk of hemorrhage 
in patients harboring AVMs. An important population study from 
Finland reported by OndraefuZ. (1990) followed 163 AVM patients 
for a mean period of 23.7 years (77% greater than 20 years), with 
a male-to-female ratio of 3:2. The mean age at presentation was 
33 years; 71% presented with hemorrhage, and 24% with seizures. 
Interestingly, the results showed a 4% per year risk of hemorrhage, 
regardless of presentation, i.e. hemorrhage or not. The average 
time to rehemorrhage was 7.7 years, and the annual morbidity 
rate was 2.7%, with a mortality rate of 1%. Approximately 23% 
of the patients died during the follow-up as a result of the AVM. 
The average age at death from AVM was 44 years compared to the 
country’s average of 73 years. Other large series also report simi¬ 
lar hemorrhage rates. Brown etal. (1996) reported a series of 168 
patients without a history of previous hemorrhage. A yearly bleed¬ 
ing rate of 2.2% was observed over a mean follow-up of 8.2 years. A 
retrospective review by Crawford etal. (1986) including 217 AVM 
patients with an average follow-up of 10.4 years reported a yearly 
bleeding rate of 3.4%. There was a slight increase in hemorrhage 
risk for the first 6 months after a hemorrhage, following which it 
returned to the baseline risk. The significant cumulative hemor¬ 
rhage rate was well demonstrated by Graf etal. (1983) who found 
that the risk of bleeding was 2% at 1 year, 14% at 5 years, and 31% at 
10 years. The risk of rebleeding is 6%-7% during the 6 months sub¬ 
sequent to the initial hemorrhage, after which the risk falls to the 
same level of 3%-4% per year found in patients with unruptured 
AVMs (Crawford etal., 1986; Ondra etal., 1990). 

At times AVMs are recognized before hemorrhage, usually dur¬ 
ing evaluation of patients with headaches or seizures. Most older 
series did not separate the frequency of hemorrhage according to 
whether the patients had already had a hemorrhage or not. A new 
study ARUBA is now underway to determine the risk of a first hem¬ 
orrhage in patients with AVMs who have had no prior evidence of 
bleeding. 


Clinical syndromes 
Intracerebral hemorrhage 

The single most common mode of presentation of an AVM 
is hemorrhage, usually intraparenchymal. On CT scans, the 
hemorrhage may not always be diagnostic of AVM; however, a 
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cone-shaped lesion based at the periphery, intralesional calcifica¬ 
tions, or unusual patterns of lobar and/or intraventricular hem¬ 
orrhage may be clues to an underlying AVM. With intravenous 
contrast, the nidus with associated feeding arteries or dilated veins 
may be visible; with high-flow lesions, there are frequently venous 
varices that show as hyperdense, enhancing lesions. AVMs present 
with hemorrhage in approximately 71%-77% of patients (Ondra 
etal., 1990; Yasargil, 1988). 

The stroke-like clinical syndrome of intracerebral hemorrhage 
from AVM is indistinguishable from that of hemorrhagic stroke 
from any other cause. Patients with supratentorial AVMs typically 
present with hemiplegia/paresis with or without speech deficits 
and/or visual field deficits depending on the location of the AVM. 
Patients with deep AVMs can present with striking focal deficits 
without major impairment of consciousness when the hemor¬ 
rhage is small and can also present with acute hydrocephalus when 
the hemorrhage ruptures into the ventricle. Patients with cerebel¬ 
lar AVMs can present with a rapidly evolving clinical syndrome 
typical of cerebellar hemorrhage from other causes. If the hemor¬ 
rhage remains small and is confined to the cerebellum, they can be 
minimally symptomatic or present only focal cerebellar findings; 
however, with larger hemorrhages, brainstem compression mani- 
festing initially by the typical findings ofipsilateral peripheral facial 
palsy and gaze paralysis can develop rapidly. 

A peculiar difficulty with intraparenchymal hemorrhages 
related to AVMs is that, if they require emergency surgical evac¬ 
uation, as frequently happens with cerebellar and temporal lobe 
hemorrhages, exquisite judgment must be exercised as to what 
to do with the AVM. In general, we prefer to gently and carefully 
evacuate as much of the hemorrhage as is necessary to relieve 
intracranial hypertension without being aggressive and without 
making any attempt to remove the AVM except in those patients 
that bleed from a very small superficial AVM that can easily be 
removed at the time of removal of the hemorrhage. With more 
complexAVMs, the excision of the AVM itself should be performed 
on an elective basis, usually delaying the surgery for 2-4 weeks to 
allow the brain to relax, the reactive hyperemia that accompanies 
the hemorrhage to subside, and further careful angiographic def¬ 
inition of the AVM to take place. 

Subarachnoid hemorrhage 

Although it is not unusual for AVMs to result in some degree of sub¬ 
arachnoid hemorrhage usually accompanying a more significant 
intracerebral hemorrhage, it is rare, in the senior author's opinion, 
to have an AVM present mostly with basal subarachnoid hem¬ 
orrhage, as aneurysms do. Of course, AVMs are frequently (10%- 
20% incidence) accompanied by intracranial aneurysms in feed¬ 
ing arteries, and these aneurysms can be quite proximal and result 
in typical basal subarachnoid hemorrhage like any other ruptured 
aneurysm. In these cases, it is relatively easy to recognize that the 
hemorrhage was from the aneurysm and not from the AVM; there¬ 
fore, the aneurysm should be treated urgently in the same manner 
as any other ruptured saccular aneurysm. Not infrequently, the 
hemorrhage occurs in the general area of the AVM where there can 
also be either prenidal or intranidal aneurysms, and in these cases, 


it is frequently very difficult or impossible to determine whether 
the AVM or the aneurysm bled. Careful clinical judgment must be 
exercised in the design of treatment strategies in these patients. 

Except in those cases of rupture of an aneurysm associated with 
an AVM, the senior author has rarely observed the typical syn¬ 
drome of clinical vasospasm developed in relation to a hemor¬ 
rhage from an AVM. We have no doubt that this can occur, but it 
certainly must be very rare, and vasospasm is not generally one of 
the important clinical considerations after hemorrhage from an 
AVM. 

Seizures 

Seizures are the second most common presentation of AVMs. They 
are reported fairly consistently, accounting for 18%-33% of AVM 
presentations (Drake, 1979; Heros et al., 1990; Ondra et al., 1990; 
Yasargil, 1988). Crawford et al. (1986) found significantly larger 
(6 cm) AVMs in those patients presenting with seizures. They also 
observed that younger age was a risk for developing seizures, the 
incidence of which decreased with age. Waltimo (1973) also sug¬ 
gested that larger AVMs are more likely to cause seizures. There 
is nothing distinct about seizures caused by AVMs, and the clin¬ 
ical manifestations of theses seizures correspond to the loca¬ 
tion of the AVM; for example, typical complex partial seizures 
occur commonly with AVMs that involve the temporal lobe (see 
Figure 28.1). 

Ischemia 

In the absence of significant hemorrhage, explanations for the pro¬ 
gression of neurologic deficit or dysfunction related to an AVM 
has been attributed to mass effect, recurrent microhemorrhages, 
ischemia, and steal (see Figure 28.2). The concept of steal-related 
symptoms from an AVM was first raised by Norlen (1949), who 
noted that the perilesional brain demonstrated increased filling 
on angiography following resection of the AVM. These find¬ 
ings provide support for the theory of normal perfusion break¬ 
through, which attempts to explain the phenomenon of postop¬ 
erative edema and/or hemorrhage after the excision of high-flow 
AVMs (Spetzler et al., 1978). The incidence of patients present¬ 
ing with vascular steal is unclear. In Drake’s series, 3% (5 of 166 
patients) presented with symptoms attributed to steal. Yasargil 
(1988) reported that 11% of patients without hemorrhage pre¬ 
sented with neurological deficits, and Brown etal. (1996) observed 
that 8% of 146 patients presented with ischemic symptoms. 
Several studies have attempted to show the steal phenomenon. 
Intraoperative angiogram and cerebral blood flow (CBF) mea¬ 
surements have shown high flows in malformations that decrease 
with increasing distance from the AVM (Feindel etal., 1971). Tran- 
scranial Doppler (TCD) studies show abnormally high velocities 
(increased blood flow) and low pulsatility index (decreased vas¬ 
cular resistance) in the major arteries supplying an AVM (Diehl 
et al., 1994; Lindegaard et al., 1986; Manchola et al., 1993; Mast, 
Mohr, Thompson, et al., 1995; Schwartz and Hennerici, 1986). 
This was exemplified in a patient with a left frontal AVM fed 
mainly by the left anterior cerebral artery. TCD showed a two-times 
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Figure 28.1 A 26-year-old man presenting with seizures. Sagittal MRI (left column) and anteropostero (middle column top) and lateral (middle column bottom) 
showing high-grade AVM of the right insula/temporal lobe. Postoperative arteriograms (right column) show complete resection of the AVM. 



Figure 28.2 A 30-year-old woman presenting with steal phenomenon of the left cerebral hemisphere related to a sylvian AVM seen on preoperative arteriogram (a). 
Postoperative arteriogram (b) shows complete resection of AVM with resolution of ischemic symptoms. 
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normal velocity in the anterior cerebral arteries whereas in the 
contralateral and ipsilateral middle cerebral arteries (MCAs; i.e. 
unrelated vessels), velocities were two-thirds and one-half normal, 
respectively (Schwartz and Hennerici, 1986). In contrast, Mast, 
Mohr, Osipov, et al. (1995) found no significant difference in the 
velocities or pulsatility indexin the feeding arteries of AVM patients 
with steal symptoms compared to AVM patients without steal; 
however, they did not measure flows in other, non-AVM-related 
vessels. Xenon-CT provides some supportive data for AVM-related 
changes in regional blood flow. AVM patients can have a signifi¬ 
cant decrease in blood flow to gray and white matter adjacent to an 
AVM (Okabe etal., 1983). Interestingly the contralateral gray mat¬ 
ter contains decreased flow and in the contralateral white matter 
flow usually remains unchanged. There was significant increase in 
blood flow in the ipsilateral hemisphere and the contralateral gray 
matter following resection of the AVM. Using single photon emis¬ 
sion computed tomography (SPECT), Batjer et al. (1988) quanti¬ 
fied “steal” by calculating a steal “index,” which they defined as 
the ratio of the blood flow in the ipsilateral area of hypoperfusion 
to the total brain flow. An increasing steal index in AVM patients 
was correlated with progressive neurologic deficit. 

Although acute stroke-like ischemic events do occur in patients 
with AVMs, they are distinctly unusual. Generally these ischemic 
syndromes develop in a slow, progressive manner. More acute syn¬ 
dromes can occur as a result of spontaneous thrombosis of feed¬ 
ing arteries, which can occur rarely in isolation or occasionally in 
relation to thrombosis of the entire AVM, which has been docu¬ 
mented to occur spontaneously in rare cases. In some patients 
with stroke-like acute deterioration, venous thrombosis, usually 
occurring in the previously arterialized venous outflow system 
after resection of an AVM, has been implicated (Heros et al., 
1993). 

Migraine 

The co-existence of typical “classical” migrainous syndromes and 
AVMs is more than coincidental. Although the frequency with 
which this occurs is not well known, it has become clear that 
when patients with classical migraine are found to have an AVM, 
that AVM usually involves the occipital lobe. Interestingly, as has 
been pointed out by Troost and Newton (1975), when patients with 
AVMs have symptoms of classical migraine, these symptoms are 
almost always unilateral, corresponding to the visual field con¬ 
tralateral to the AVM, and the headache is ipsilateral to the AVM. 
In fact, it is recommended that in patients in whom the migraine is 
always on the same side with visual symptoms consistently in the 
contralateral field, an AVM should be suspected and appropriate 
imaging should be obtained to exclude such a lesion (Troost and 
Newton, 1975). 

Headaches 

Headaches are common in patients with AVMs. Frequently they 
are nonspecific and well tolerated. However, occasionally they are 
severe and progressive both in frequency and severity. The latter 
are usually related to large AVMs that cause increased intracranial 


pressure, venous hypertension, or both. Severe focal headaches 
can also occur as a result of dilatation of meningeal feeding arteries 
in those AVMs that have significant meningeal supply. The impor¬ 
tance of recognizing these focal headaches is that even when the 
AVM cannot be “cured” by surgical excision or complete oblitera¬ 
tion with radiosurgery or embolization, the patient can be palliated 
and the headaches frequently improve markedly with emboliza¬ 
tion of the meningeal feeders. 

Increased intracranial pressure/venous 
hypertension 

We cover these under the same heading because frequently the 
clinical syndrome manifested by these patients is identical and it 
is difficult for the clinician to define the cause as either increased 
intracranial pressure or venous hypertension because frequently 
both co-exist. This problem is seen mostly with large, high-flow 
AVMs that produce widespread retrograde arterialization of the 
normal venous drainage system of the brain. These patients 
present frequently with headaches that can be progressive in fre¬ 
quency and severity, as indicated above. They can also present 
with generalized “cerebral dysfunction" with impairment of cog¬ 
nitive function, memory, intellectual output, general stamina, etc. 
Treatment considerations in these patients are difficult because 
the AVMs are usually large and complex and may not be amenable 
to surgical excision. Palliative embolization is frequently helpful 
in these patients. 

Hydrocephalus 

Hydrocephalus can occur in patients with AVMs for several rea¬ 
sons. In some patients, multiple small hemorrhages that reach the 
ventricles or the subarachnoid space are the cause. Of course, a 
large hemorrhage can result in acute hydrocephalus as mentioned 
earlier, and this must be treated by emergency ventriculostomy 
until such time as a permanent shunt is possible, depending on 
the gradual clearing of blood from the cerebrospinal fluid (CSF). 
Hydrocephalus can also occur from obstruction of normal CSF 
pathways by dilated venous varices. This usually occurs with deep, 
high-flow AVMs and again, treatment in these patients is difficult 
but usually entails symptomatic treatment of the hydrocephalus 
with a standard ventricular peritoneal shunt. In patients with 
posterior fossa AVMs that become symptomatic and have hydro¬ 
cephalus, it is sometimes difficult to know whether the symptoms, 
such as progressive gait difficulty and ataxia, are due to the effects 
of the lesion on the cerebellum itself or from hydrocephalus. When 
in doubt, the hydrocephalus should be treated because its treat¬ 
ment is relatively straightforward, usually with ventricular peri¬ 
toneal shunting, although in those cases caused by obstruction 
of the aqueduct of Sylvius by a venous varix, an endoscopic third 
ventriculostomy can be considered. 

Treatment considerations 

The management of AVMs of the brain is a complicated process 
that requires a neurologist and/or neurosurgeon to understand 
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clearly a large number of issues related to the AVM, the patient, 
and the available treatment modalities. Treatment options include 
observation, stereotactic radiation (radiosurgery), embolization, 
surgery, or a combination of these modalities. Most importantly, 
experienced cerebrovascular neurosurgeons should be able to 
appropriately consider the various factors applicable to each of 
the treatment options, and recommend a “best” available treat¬ 
ment plan for a given patient. Clearly, every AVM, patient, and 
surgeon’s experience is unique, and thus it is impossible to gen¬ 
erate a treatment protocol or formula, and each patient must be 
considered individually. 

Several grading systems have been proposed in assessing AVMs 
(Luessenhop and Gennarelli, 1977; Pellettieri et al., 1979; Shi 
and Chen, 1986; Spetzler and Martin, 1986). The most widely 
utilized system is that of Spetzler and Martin (1986). Points 
are assigned for certain characteristics (location, deep venous 
drainage, and size) with the sum being the grade of the AVM. 
Lesions in eloquent brain are assigned a value of 1 and non- 
eloquent: zero; presence of deep venous drainage: 1 and no deep 
venous drainage: zero; size <3 cm: 1, 3-6 cm: 2, and > 6 cm: 3. 
The utility of this system has been shown by the consistency 
in predicting the morbidity and mortality associated with surgi¬ 
cal treatment of AVMs across independent investigators (Heros 
et al., 1990; Martin and Vinters, 1995; Spetzler and Martin, 
1986). 


Imaging characteristics 

CT scan, MRI, and conventional contrast cerebral angiography 
are the standard essential diagnostic tools utilized in planning 
the treatment of an AVM. A CT scan is generally the screening 
tool used to investigate patients with neurologic symptoms. In 
patients harboring an AVM, CT may show hemorrhage, calcifica¬ 
tions, hyperdensity, mass effect, hydrocephalus, location of the 
AVM, and presence of sequelae related to unruptured or rup¬ 
tured AVMs. The addition of intravenous contrast may show feed¬ 
ing arteries, veins, and nidus. MRI provides further information 
regarding anatomic localization and topographic relationships 
between AVM vessels, nidus, and nervous structures as well as evi¬ 
dence of previous hemorrhage (Leblanc etal., 1987; Smith et al., 
1988). MR angiography presently remains inferior to conventional 
contrast cerebral angiography. Angiography provides informa¬ 
tion crucial to treatment such as identification in various planes 
and projections of the feeding arteries, nidus, venous drainage 
patterns, and any associated lesions such as large varices or 
aneurysms. The recruitment of perforating arteries such as deep 
thalamoperforators may be identified by an angiogram; this is a 
characteristic often associated with too great a risk to consider 
surgical treatment. Flow velocity through an AVM, with implica¬ 
tions for postoperative brain swelling or hemorrhage, can also be 
estimated by angiography. Furthermore, functional studies such 
as functional MRI, positron emission tomography, and magne¬ 
toencephalography are occasionally used to provide further infor¬ 
mation regarding the eloquence of brain directly adjacent to an 
AVM; this is occasionally useful in determining the risk of surgical 


resection and may dictate treatment modality (Bambakidis etal., 
2001 ). 

Patient-related factors 

The age, general medical health, neurological health, and occupa¬ 
tion of the patient with an AVM are all key factors to consider in 
the decision process (Heros etal., 1993; Heros and Tu, 1987). Any 
management decision must weigh the risks of treatment against 
the risks of hemorrhage over the patient’s lifetime. The cumulative 
lifetime hemorrhage risk, assuming a life expectancy of 70 years 
and an annual hemorrhage risk of 2%-4%, can be predicted by the 
formula: lifetime risk= 105-present age (Brown, 2000; Kondziolka 
etal., 1995). Thus more aggressive management is recommended 
in younger patients with a very high cumulative risk. Fortunately, 
these patients also have a higher tolerance of surgical morbid¬ 
ity. Risks of surgery must also be considered in the context of a 
patient’s occupation or lifestyle; for example, a significant risk of 
hemianopia may be unacceptable to a pilot or a surveyor but tol¬ 
erated in others. 

AVM-related factors 

Cerebellar, brainstem, and supratentorial deep nuclear (i.e. basal 
ganglia and thalamic) AVMs appear to have a higher propensity 
for bleeding than do hemispheric AVMs (Drake, 1979; Fleetwood 
et al., 2003; Yasargil, 1988). It is estimated that basal gan¬ 
glia/thalamic AVMs hemorrhage at a rate 9.8% per year (Fleetwood 
et al., 2003), with a very high morbidity; 86% develop hemipare- 
sis or hemiplegia. As might be expected, the surgical treatment of 
AVMs in these locations is also associated with high risks, requiring 
careful consideration of all treatment options. 

Although controversial, smaller sized AVMs may have a higher 
rate of bleeding (Waltimo, 1973), attributed to higher measured 
intra-arterial pressures in small AVMs (Spetzler et al., 1992). Han 
et al. (2003) estimated that large AVMs (grade IV and V) bleed at 
a rate of only 1.5% per year; however, other series fail to corre¬ 
late AVM size to hemorrhage risk (Brown et al., 1988; Marks et al., 
1990). Generally, larger AVMs are associated with a higher degree 
of surgical morbidity. 

Venous drainage patterns are important in planning AVM treat¬ 
ment. AVMs with a single draining vessel (Albert etal., 1990) orthe 
presence of deep venous drainage are associated with increased 
frequency of bleeding (Nataf et al., 1997). Deep venous drainage, 
however, may be useful at surgery, as these vessels are protected 
in the depths of the cavity until the final stages of resection. Steno¬ 
sis of a draining vein likely increases the risk of AVM bleeding 
(Miyasaka et al., 1992) and represents a relatively strong indica¬ 
tion for surgical treatment. 

As discussed above, aneurysms can occur separate from, proxi- 
mallyonafeedingvessel (prenidal), or within the nidus (intranidal) 
in up to 20% of patients with AVMs. Although their significance 
is uncertain, prenidal aneurysms may increase the risk for intra¬ 
cerebral hemorrhage (Brown etal., 1990). The impact of an AVM - 
associated aneurysm on the treatment decision process remains 
unclear. 
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Surgeon-related factors 

Surgeon experience is crucial in the technical aspects of surgical 
resection of an AVM and, possibly most importantly, in the decision 
process in the management of an AVM. Comprehensive manage¬ 
ment requires an experienced surgeon, endovascular therapist, 
radiologist, operating room team, and intensive care staff. All but 
the simplest grade I and II AVMs should be treated by an experi¬ 
enced cerebrovascular surgeon and team in a center treating AVMs 
on a regular basis. 

Treatment options 
Emboliiation 

Endovascular occlusion of vessels supplying an AVM maybe help¬ 
ful in making surgical resection less difficult. This is achieved by 
occluding deep arterial pedicles or perforating arteries that are 
inaccessible during early stages of resection and are often fragile 
and difficult to coagulate. Staged occlusion of deep or large feeding 
pedicles in a high-flow AVM may decrease the risk of postopera¬ 
tive brain swelling or hemorrhage (Martin et al., 2000). Overall, 
however, embolization is associated with a relatively high risk of 
morbidity and mortality (Deruty et al., 1996; Frizzel and Fisher, 
1995; Nozaki et al., 2000; Wickholm et al., 1996). This can be due 
to infarct from occlusion of non-AVM or en passage vessels, occlu¬ 
sion of draining veins, or guidewire perforations and hemorrhages 
(Martin et al., 2000; Taylor et al., 2004). The frequency of seri¬ 
ous complications appears to be, in part, related to aggressive 
attempts at complete endovascular obliteration. In general it is our 
recommendation that embolization be used judiciously to elim¬ 
inate difficult-to-access feeding vessels to aid surgical resection 
or decrease flow through a very high-flow AVM prior to treatment 
or for palliation of intractable symptoms such as headache, bruit, 
or progressive neurologic deficit in “unresectable” AVMs. Partial 
embolization of a large or “unresectable” AVM does not decrease 
the future risk of hemorrhage (Han etal., 2003). 


Surgery 

Surgery for an AVM results in immediate elimination of risk of AVM 
hemorrhage and is generally recommended in a young or healthy 
patient with a low-grade AVM (i.e. grade I, II, and most grade III), 
particularly in the presence of venous outflow stenosis, cerebellar 
location, intractable seizures, or intractable headaches. Occasion¬ 
ally symptomatic grade IV and rarely grade V AVMs are excised, 
although surgical morbidity is expected to be higher. Surgery for 
AVM is elective. Even in a patient presenting with hemorrhage and 
mass effect requiring evacuation, a controlled craniotomy with 
passive evacuation of the clot is performed, and resection of the 
AVM is performed later electively as discussed above. The surgi¬ 
cal resection of grade I—III AVMs carries a low risk of morbidity 
and mortality (<10%), consistent across many surgeons (Hamil¬ 
ton and Spetzler, 1994; Heros etal., 1990; Morgan etal., 2003; Pik 
and Morgan, 2000; Sisti etal., 1993). 


Radiosurgery 

Obliteration rates of AVMs treated with stereotactic radiation treat¬ 
ment are clearly higher in smaller AVMs (Friedman etal., 1995). 
Although reporting is inconsistent, the obliteration rate is roughly 
80% for lesions less than approximately 3 cm (Friedman, 1997; 
Pollock etal., 1998,2003; Steinberg etal., 1991). However, this typ¬ 
ically does not occur for up to 2 years after radiation, during which 
time the patient has the same hemorrhage risk as an untreated 
AVM. Thus radiosurgery is generally recommended in a patient 
with a small (3 cm) AVM located in eloquent brain, such as speech 
or motor cortex, basal ganglia, thalamus, etc., when surgical risk 
is deemed unacceptable (Heros, 2002; Heros and Korosue, 1990; 
Sasaki etal., 1998). 

Observation 

The natural history of AVMs is relatively well-defined except for 
those malformations that are discovered before bleeding. We are 
able to recommend, with some confidence, observation for certain 
AVMs. These include deep brainstem, basal ganglial, or thalamic 
AVMs too large for radiosurgery, and most grade IV and almost all 
grade V AVMs. 

Conclusions 

Brain AVMs are complex cerebrovascular lesions capable of pro¬ 
tean symptomatology. They are an infrequent, but serious cause 
of stroke that often occurs in young people. Most commonly, they 
result in hemorrhagic stroke by bleeding into the parenchyma 
of the brain. Much less commonly, they result in subarachnoid 
hemorrhage. Ischemic stroke is distinctly uncommon with cere¬ 
bral AVMs but occurs occasionally due to retrograde thrombosis 
of feeding arteries frequently associated with complete or partial 
thrombosis of the AVM. Even less commonly, retrograde venous 
occlusion can result in a stroke-like syndrome, but this usually 
occurs only after excision or embolization of the high-flow AVM 
with antegrade thrombosis of the previously arterialized, high- 
flow venous drainage of the AVM. Of course, seizures can also 
sometimes mimic ischemic symptoms, and they are the second 
most common clinical manifestation of cerebral AVMs. AVMs, par¬ 
ticularly when they are located in the occipital lobe, can result in 
classical migranous syndromes, which can at times also be con¬ 
fused with ischemic symptoms. 

The natural history of cerebral AVMs is well known because 
of long follow-up data on large numbers of patients who were 
untreated. In general, the risk of future hemorrhage is about 
2%-4% per year and, of these hemorrhages, about one-third result 
in significant morbidity, and 1 in 10 are fatal. This risk of future 
hemorrhage appears to be the same for an AVM that has never bled 
as for an AVM that bled for more than 6 months previously. There¬ 
fore, treatment should be considered in all patients with cerebral 
AVMs, particularly if they are young, even if the AVM is asymp¬ 
tomatic. The three treatment modalities available to patients with 
cerebral AVMs - embolization, radiosurgery, and surgical exci¬ 
sion - should be carefully considered in each patient and should 
not be thought of as being interchangeable. The clinician has an 
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obligation to determine the “best” form of treatment for each 
patient depending on the characteristics of the AVM, factors 
related to the patient, and of course, the experience of the treating 
team. Frequently, these treatment alternatives can be used in com¬ 
bination to reduce the overall morbidity of the treatment plan in 
any one patient. Small and medium-sized AVMs in non-eloquent 
brain should be surgically excised with or without embolization 
with the expectation that morbidity in experienced hands should 
be very low. Small AVMs (<3 cm) in eloquent brain or in deep struc¬ 
tures of the brain that would require approach through eloquent 
brain, should generally be treated with radiosurgery. Observation 
should be considered for larger lesions that are not amenable 
to radiosurgery and are located in eloquent areas of the brain. 
Embolization is rarely curative but can be used to advantage to 
reduce the risk of subsequent surgery. Partial embolization does 
not reduce the future risk of hemorrhage; therefore, we do not 
recommend it as a palliative procedure or as a preradiosurgical 
procedure. 
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Introduction 

Cavernous malformations (CMs) are angiographically occult vas¬ 
cular malformation considered as congenital anomalies of the 
brain. The first comprehensive review by Voigt and Yasargil (1976) 
provided a good overview of the knowledge of CMs in the 1970s 
with special references to epidemiology, diagnosis, and clini¬ 
cal findings. Over the past two decades numerous articles on 
CMs have been published, and our knowledge of this pathology 
has considerably evolved (Awad and Robinson, 1993; Moriarity, 
Clatterbuck, and Rigamonti, 1999; Simard et al. } 1986). There is 
now general agreement on the diagnosis and pathology of CMs, but 
controversies still persist in the recent literature concerning their 
natural history and dynamic nature. Recent literature concerning 
the genetics of CMs and their biology with special reference to 
angiogenesis and cellular proliferation has provided new clues to 
the pathogenesis and pathophysiology of these malformations. 

The therapeutic management of CMs, particularly in those 
located within highly functional areas of the brain, remains a 
source of debate, and the place of conservative management, sur¬ 
gical removal, and radiosurgery has still to be defined. 

We address in this chapter a review of the pertinent literature on 
CMs regarding epidemiology, genetics, pathology, clinical find¬ 
ings, and therapeutic management with special emphasis placed 
upon the natural bleeding risk of these malformations. 


Terminology and pathologic classification 

In 1846 the term “cavernous” as applied to a vascular lesion of the 
brain was used for the first time by Rokitansky. In 1853, Luschka 
etal. reported a case of so-called cavernous vascular brain tumor 
with a detailed macroscopic description, but histopathology of 
CM was first described in 1863 by Virchow (Luschka, 1854; Roki¬ 
tansky, 1846; Virchow, 1864-1865). Crawford and Russel (1956) 
first coined the term “cryptic” vascular malformation in reference 
to small, clinically "latent” vascular lesions, some of which were 
angiographically occult, that resulted in either apoplectic cere¬ 
bral hemorrhage or signs of a growing mass lesion. Later, the term 
“angiographically occult vascular malformations” was introduced 
by many investigators (Dillon, 1997; McCormick etal., 1968; Ogilvy 
and Heros, 1988; Roberson et al., 1974). The terms “occult" and 
“cryptic” are now more or less synonymous, and refer to vascu¬ 
lar malformations that have in common angiographic invisibility 
and a distinct appearance on MRI (Dillon, 1997). There is not wide 


agreement on terminology, as there is no consensus on the precise 
pathology or pathophysiology of these lesions. 

The most widely accepted classification of cerebral vascu¬ 
lar malformation was published by McCormick and colleagues 
(McCormick et al., 1968; McCormick and Nofzinger, 1966). They 
described four types of cerebral vascular malformations: arteri¬ 
ovenous malformations (AVMs), CMs, capillary telangiectasies, 
and venous malformations. Venous malformations have also 
been referred to as venous angiomas, but they are now prop¬ 
erly called developmental venous anomalies (DVAs). McCormick’s 
system divided central nervous system (CNS) vascular malforma¬ 
tions based on both gross and microscopic pathological features, 
including the architecture of involved vessels and their relation¬ 
ship with the surrounding parenchyma (McCormick et al., 1968; 
McCormick and Nofzinger, 1966). The coexistence of two or more 
of these types in the same patient or even in the same lesion 
has been well documented (Awad et al., 1993; Chang et al., 1997; 
Rigamonti etal., 1988,1991; Roberson etal., 1974; Robinson etal., 
1991). Transitional forms between CM and capillary telangiecta¬ 
sia have been identified (Rigamonti etal., 1991). The existence of 
these transitional lesions raises the possibility that CM and capil¬ 
lary telangectasia represent a spectrum within a single pathologi¬ 
cal entity (Rigamonti etal., 1991). 

CMs of the brain are now defined as hamartomatous vascular 
lesions with specific characteristics. Macroscopically they appear 
as well-circumscribed lesions with a reddish purple, multilobu- 
lated appearance resembling a mulberry. Microscopically they can 
be clearly distinguished from other vascular malformations due to 
specific features that will be described in more detail below. Cur¬ 
rent nomenclature includes terms such as cavernoma, cavernous 
angioma, cavernous hemangioma, and CM, which are used syn¬ 
onymously (Zabramski etal., 1999). 


Epidemiology 

Incidence and prevalence 

No reliable study reflects the true incidence and prevalence of CMs 
in the population. From large series based on necropsy and/or 
MRI, the overall incidence reported in the general population 
varies from 0.1% to 0.9% (Del Curling et al., 1991; McCormick, 
1966; Rigamonti et al., 1996; Robinson et al., 1991; Zabramski 
etal., 1999). Clinically, symptomatic lesions seem to be less com¬ 
mon (Cantu etal., 2005; Del Curling etal., 1991; McLaughlin etal., 
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1998; Moriarity, Clatterbuck, and Rigamonti, 1999; Robinson etal., 
1991). They constitute 8%-15% of all vascular malformations (Del 
Curling etal., 1991; Kim etal., 1997; Labauge etal., 2000; Moriar¬ 
ity, Clatterbuck, and Rigamonti, 1999; Porter etal., 1999; Robinson 
et al., 1991). The incidence of CMs found before death is clearly 
linked to the development of imaging modalities. In the angiogra¬ 
phy era, only a few CMs were diagnosed clinically, and the relation 
of incidence between CMs and AVMs was estimated as 1:20 (John- 
sonetal., 1993).AlthoughVaquero, Cabezudo, andLeunda, (1983) 
noted that only 44% of CMs were detected preoperatively by CT 
scan, this imaging modality has been responsible for a significant 
increase in their diagnosis. The advent and the widespread use 
of MRI represented considerable progress in CM imaging diag¬ 
nosis. According to large MRI-based retrospective studies, there 
is an incidence rate of 0.47% (Del Curling et al., 1991) or 0.39% 
(Robinson et al., 1991), whereas an Australian study reported a 
0.9% prevalence (Sage etal., 1993). 

Age 

The range of age varies between neonates and the ninth decade, 
with a median of 34 years (Robinson and Awad, 1993). The high¬ 
est incidence seems to occur between the third and fifth decades 
(Hsu etal., 1993). The mean age of large series varies between 32.2 
and 37.6 (Abdulrauf, Kaynar, and Awad, 1999; Amin-Hanjani and 
Ogilvy, 1999; Bertalanffy ef al., 1992, 2002; Del Curling etal., 1991; 
Kim etal., 1997; Kondziolka, Lunsford, and Kestle, 1995; Moriarity, 
Wetzel, Clatterbuck, etal., 1999; Porter etal., 1999; Robinson ef al., 
1991,1993). Maraire and Awad (1995) found that one-fourth of the 
patients in the various series were children, which is consistent 
with the findings of Mottolese et al., 2001. Among 172 pediatric 
patients, Cavalheiro and Braga (1999) noted two age peaks: one 
during the first year of life and the other between the ages of 12 
and 16 years. 

Sex distribution 

An equal distribution is observed in both sexes even if some 
authors report a female predominance in patients between 30 and 
60 years (Giombini and Morello, 1978; Hsu etal., 1993; Otten etal., 
1989; Simard etal., 1986; Wakai etal., 1985; Yamasaki etal., 1986). 
Among 1240 cases collected by Hahn (1999) in which the sex dis¬ 
tribution was mentioned, 644 (52%) were female and 596 (48%) 
were male. 

Location 

Supratentorial lesions account for 63%-81% of the total (Abdul¬ 
rauf, Kaynar, and Awad, 1999; Aiba et al., 1995; Amin-Hanjani 
and Ogilvy, 1999; Bertalanffy et al., 1992, 2002; Del Curling et al., 
1991; Kim et al., 1997; Moriarity, Wetzel, Clatterbuck, et al., 1999; 
Otten et al., 1989; Porter et al., 1999; Robinson etal., 1991, 1993). 
Most commonly frontal and temporal, they tend to be located 
cortically or subcortically in more than 50% of cases and less fre¬ 
quently paraventricular, in the basal ganglia, the lateral ventricle, 
and the thalamus (ChadduckefaZ., 1985; Coin etal., 1977; Namba, 


1983; Numaguchi etal., 1977; Pau and Orunesu, 1979; Reyns etal., 
1999; Simard et al, 1986; Tatagiba et al, 1991; Yamasaki et al., 
1986). Posterior fossa CMs constitute 7.8%-35.8% of all cases, and 
the brainstem is the most common site of involvement in this 
compartment representing 9%-35% of all CNS cases (de Oliveira 
etal., 2006; Fritschi etal., 1994; Kondziolka, Lunsford, and Kestle, 
1995; Porter et al., 1999; Simard et al., 1986). Fritschi et al. (1994) 
described the location of the pontine lesions as being close to the 
surface of the fourth ventricle in 50%, extending into one of the 
cerebellar peduncles in 30%, and localized deeply in the pons in 
20%. Of the mesencephalic lesions, more than 60% were located in 
the tectum. Among 1311 cases, Hahn (1999) found that 899 lesions 
(68.6%) were located supratentorially, 339 (25.8%) infratentorially, 
and 73 lesions (5.5%) were in the spinal cord. The lesion side was 
documented in 902 cases, revealing no evident side predilection 
(Hahn, 1999). 

CMs are also found in less frequent locations such as the third 
ventricle (Harbaugh et al, 1984; Lavyne and Patterson, 1983; 
Ogawa et al., 1990; Pozzati et al., 1981), the pineal region (Fukui 
et al, 1983; Lombardi et al, 1996; Occhiogrosso et al, 1983; 
Vaquero et al., 1980), or extra-axially. Extra-axial CMs are rela¬ 
tively rare. (Biondi etal., 2002; Goel etal., 2003; Lewis etal., 1994; 
Lombardi etal., 1994; OkadaefaZ., 1977; Vogler and Castillo, 1995). 
Their most common location is in the middle cranial fossa near 
the cavernous sinus (Biondi etal., 2002). Other localizations such 
as tentorium cerebelli, dura mater of the vertex, cerebellopontine 
angle, Meckel’s cave, or anterior cranial fossa have been described 
(Bordi et al., 1991; Fehlings and Tucker, 1988; Hyodo et al, 2000; 
Isla et al, 1989; Lewis et al, 1994; Moritake et al, 1985). These 
lesions have also been reported in the sella turcica and the optic 
chiasm. The involvement of some cranial nerves has also been 
described (Cobbs and Wilson, 2001; Lombardi et al, 1994; Sun- 
daresan etal., 1976; YamadaefaZ., 1986).Extensionintheskullhas 
been reported, and intraosseous CMs of the skull are well known 
(Heckl etal., 2002a, 2002b; Voelker etal., 1998). 

Familiality (hereditary) and multiplicity 

CMs occur in two forms: a sporadic or nonhereditary form, in 
which patients tend to have a single isolated lesion; and a familial 
form characterized by the presence of multiple lesions, the number 
of which is strongly correlated to patients’ age (Denier, Goutagny, 
LaBauge, et al, 2004; Denier et al., 2006; Labauge et al, 1998; 
Rigamonti etal., 1988; Zabramski etal., 1994). Although a familial 
form of CMs has been suspected since the 1930s, it was believed 
to account for only a small fraction of all cases of CMs before the 
introduction of MRI (Clark, 1970; Kufs, 1928; Michael and Levin, 
1936). In a review of 24 patients with histologically verified CMs, 
Rigamonti et al. (1988) found that 54% of patients with CMs have 
a strong family history consistent with a hereditary pattern of 
development. 

The familial form appears to be more frequent in Hispanics. 
(Denier, Goutagny, LaBauge, etal., 2004; Denier etal., 2006; Gunel 
et al., 1995, 1996a, 1996b; Hayman etal., 1982; Rigamonti et al, 
1988; Zabramski etal., 1994). The proportion of the familial form 
is less frequent in Caucasians who represent approximately 20% of 
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cases (Denier, Goutagny, LaBauge, etal., 2004; Denier etal, 2006; 
Gunel etal., 1996b; Labauge etal., 1998). Clinical and neuroradio- 
logical studies conducted before the identification of the cerebral 
CMs genes helped to delineate some of the main features of this 
condition, namely its autosomal dominant pattern of inheritance 
and its incomplete clinical penetrance. These studies also showed 
the intrafamilial and interfamilial variability of familial CMs (Cou- 
teulxef al., 2002; Denier, Goutagny, LaBauge, et al., 2004; Denier 
etal., 2006; Eerolaeffl/., 2000; Labauge etal., 1998,1999; Rigamonti 
etal., 1988). 

In their clinical analysis of all previously documented cases, 
Voigt and Yasargil (1976) reported a multiple lesion incidence in 
13.4%. An incidence of 9.9% was found in a large autopsy study 
(Otten et al., 1989), and it was between 10% and 21% in large 
MRI studies (Del Curling etal., 1991; Kim etal., 1997; Kondziolka, 
Lunsford, and Kestle, 1995; Porter et al., 1999; Robinson et al., 
1991). The frequency of cases with multiple lesions varies widely 
between sporadic (nonfamilial) and hereditary (familial) forms 
(Hsu etal., 1993; Rigamonti etal., 1988). In the latter, 50%-93% of 
patients harbor multiple lesions (Labauge etal., 2000), whereas in 
sporadic forms 10%-33% of multiples lesions have been reported 
(Clatterbuck et al., 2000; Gunel et al., 1995, 1996a, 1996b). In a 
study that analyzed the MRI features of 68 patients, Clatterbuck 
et al. (2000) found more than 228 CMs in their population of 24 
men and 44 women. In this series, multiple lesions were present 
in 11 of 13 familial cases (84.6%) and in 14 of the 55 sporadic cases 
(25.4%) (Clatterbuck etal., 2000). 


Radiation-induced lesions 

The use of radiation therapy as a primary treatment modality or 
as an adjuvant therapy is increasing in patients harboring CNS 
lesions. Although radiation therapy is an effective therapeutic 
option in many situations, it is now becoming clear that there are 
some long-term sequelae associated with this treatment. De novo 
formation of CMs after brain irradiation, most of which occur in 
the pediatric population, is observed with an increasing frequency 
(Nimjee etal., 2006). There is a propensity for these lesions to occur 
in males, and they are most frequently encountered in patients 
who have undergone irradiation for medulloblastomas, gliomas, 
and acute lymphoblastic leukemia (Nimjee et al., 2006). Nimjee 
etal. (2006) compiled data from all 76 reported patients in whom de 
novo CMs formed after brain irradiation. They found that the mean 
age of patients at the time of irradiation was 11.7 years and that 
the mean latency period before detection of the CMs was 8.9 years. 
These patients received a mean radiation dose of 60.5 Gy. Most of 
these patients were asymptomatic at the time of diagnosis, and 
the most common presenting symptom in symptomatic patients 
was a seizure. During follow-up, 37 (48.7%) of 76 patients had a 
hemorrhagic event and 54% had surgical intervention (Nimjee 
et al., 2006). Because there is a propensity for radiation-induced 
CMs to hemorrhage, a close monitoring of these lesions is war¬ 
ranted. More exceptional cases of de novo CMs forming in the 
spinal cord after irradiation have been reported. Although they 
appear with equal frequency at the cervical and thoracic levels, 


they are rare in the lumbar region (Jabbour et al., 2004; Maraire 
etal., 1999; Yoshino etal., 2005). 

Although there are several hypotheses (vascular and connec¬ 
tive tissue changes in stroma, cell swelling, vessel lumen dilata¬ 
tion, and exaggerated fibrosis, hyalization, and mineralization) to 
explain why these lesions occur, to date the pathophysiological 
mechanisms underlying radiation-induced CM formation are not 
clearly understood. 

Genetics 


Familial (hereditary) condition 

Kufs (1928) first suggested that the transmission and development 
of CMs might be genetically influenced. These early suspicions 
were supported by a limited number of subsequent reports (Bick- 
nell etal., 1978; Clark, 1970; Combelles etal., 1983; HaymanefaZ., 
1982; Kidd and Cummings, 1947; Michael and Levin, 1936) until 
the pioneering work of Rigamonti etal. (1988) was published. They 
found in 13 patients (54% of their population) of six unrelated fam¬ 
ilies of Mexican-Americans a positive family history with a high 
incidence of multiple lesions on T2-weighted (T2WI) MRI con¬ 
stituting the hallmarks of the familial form of CMs that seems to 
be transmitted in an autosomal dominant fashion (Rigamonti et 
al., 1988). Since then, an increasing number of reports have con¬ 
firmed the more frequent incidence than previously reported of 
the familial form of CMs, especially among Hispanics, and genetic 
predisposition has been recognized to be important in their patho¬ 
physiology (GangemiefuZ., 1990; Gunel etal., 1996a; Labauge etal., 
1998; Mason et al., 1988; Steichen-Gersdorf etal., 1992; Zabramski 
et al., 1994). Analysis of linkage in Hispanic American kindreds 
has revealed genetic homogeneity, with linkage to CCM1 locus at 
7q21-22 (Dubovsky et al., 1995; Gunel etal., 1995; Marchuk etal., 
1995). In this population, there is strong evidence of a founder 
mutation that accounts for virtually all inherited and many appar¬ 
ently sporadic cases (Gunel et al., 1996a). Studies in this popu¬ 
lation have demonstrated a delayed and incomplete penetrance 
of the disease among known gene carriers (Gunel et al., 1996a). 
In 1998, Craig et al. (1998) found two additional cerebral CM loci 
(CCM 2 at 7pl5-13 and CCM3 at 3p25.2-27) in 20 non-Hispanic 
Caucasian kindreds. Linkage to the three loci (CCM1, CCM2, and 
CCM3) could account for inheritance of cerebral CMs in all of the 
kindreds studied (Craig et al., 1998). They also showed a genetic 
heterogeneity of inherited non-Hispanic Caucasian patients har¬ 
boring cerebral CMs with the following distribution: 40% CCM1, 
20% CCM2, and 40% CCM3 (Craig etal., 1998). 

Clinical penetrance in familial cerebral CM is reported to be 
incomplete (Craig et al., 1998; Denier, Goutagny, LaBauge, et al., 
2004; Denier et al., 2006). In a French survey of 163 consecutively 
recruited cerebral CM families, 333 CCM1/CCM2/CCM3 muta¬ 
tion carriers were analyzed, and clinical penetrance was found 
to be 62% (Denier et al., 2006). In another North American sur¬ 
vey of non-Hispanic kindred, Craig et al. (1998) found a symp¬ 
tomatic disease penetrance in CCM1, CCM2, and CCM3 muta¬ 
tion carriers of 88%, 100%, and 63%, respectively. Neuroimaging 
penetrance of cerebral CMs was considered much higher and 
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complete or almost complete. However, an increasing number of 
normal MRIs in mutation carriers is reported. Recently, Denier, 
Labauge, Brunereau, et al. (2004) found up to 13% of T2WI MRIs 
to be normal in 76 asymptomatic CCM1 mutation carriers and 
five (6.6%) normal gradient-echo MRI. These findings, combined 
with the incomplete clinical penetrance, strongly suggest that 
the familial nature of cerebral CM may be overlooked in some 
patients. 

CCM1 has been identified as the Krev Interaction Trapped 1 
(KR1T-1) gene (Laberge-le CouteulxefaJ., 1999; Sahoo etal., 1999). 
KRIT -1, a protein of unknown function so far, was previously iden¬ 
tified through a yeast two-hybrid screen designed to identify pro¬ 
teins interacting with Rapl A, a small Ras-like GTPase protein 
(Serebriiskii et al. t 1997). KRIT-1 encodes a 736 amino-acid pro¬ 
tein containing four ankyrin domains, a FERM domain, and a 
C-terminal portion interacting with Rapl A, a small ras-like 
GTP-ase and I CAP 1 a, a modulator of (31 integrin signal trans¬ 
duction pathway, as well as with CCM2 protein (Frischmeyer 
and Dietz, 1999; Serebriiskii et al., 1997; Zawistowski et al., 
2002, 2005; Zhang et al., 2001). The KRIT-1 protein, the prod¬ 
uct of the KRIT-1 gene, has been found in vascular endothelium, 
astrocytes, and pyramidal cells of the adult brain (Guzeloglu- 
Kayisli et al., 2004). The essential function of this protein is 
shown in KRIT-1 knockout mice, which die at mid-gestation 
of vascular pathology suggesting an essential role in arterial 
morphogenesis (Whitehead et al., 2004). Recently, eight addi¬ 
tional exons have been described among which are four coding 
exons. This novel N-terminal region of KRIT-1 has been shown 
to contain an NPXY motif required for interaction of KRIT-1 
with the integrin-binding protein ICAPla (Zawistowski et al., 
2002). Integrin molecules are transmembrane receptor proteins 
that play a critical role in endothelial cell-cell and cell-extracellular 
matrix (ECM) interactions as well as in endothelial cell migra¬ 
tion and lumen formation during angiogenesis (Bloch etal., 1997; 
Brooks, 1996a, 1996b; Gamble et al., 1999). The ICAPla has been 
identified to bind avidly to the p 1 integrin cytoplasmic domain 
(Zhang etal., 2001). 

In a mutational analysis of 206 families with cerebral CMs, 
Laurans et al. (2003) showed that all mutations were nonsense 
mutations, frame-shift mutations predicting premature termina¬ 
tion, or splice-site mutations located throughout the KRIT-1 gene, 
suggesting that these are genetic-loss-function mutations. These 
genetic findings in conjunction with the clinical phenotype are 
consistent with a two-hit model for the occurrence of cerebral 
CMs. Mutations of the KRIT -1 gene result in complete loss of KRIT - 
1/ICAPla interaction (Zawistowski et al., 2002). Most mutations 
in the KRIT-1 gene responsible for familial CM result in early stop 
codons and truncated protein synthesis, suggesting a defect in 
ICAPla-mediated ECM interaction as a possible contributor to 
cerebral CM pathogenesis (Dashti etal., 2006). 

Gunel etal. (2002) showed that KRIT-1 encodes a microtubule- 
associated protein, possibly responsible for microtubule targeting. 
Furthermore, interaction of KRIT-1 with Rapla and ICAPPla- 
integrin suggests that KRIT-1 may help modulate the cytoskele- 
ton, and thus shape endothelial cell morphology and function 
in response to cell-matrix and cell-cell interactions. Gunel et al. 


(2002), propose that the loss of this targeting mechanism would 
lead to abnormal endothelial tube development and the subse¬ 
quent appearance of cerebral CMs. 

The CCM2 locus has been identified as the MGC4607 gene 
located on 7p 15-13 and encoding the phosphotyrosine bind¬ 
ing (PTB) domain protein malcavernin (Liquori et al., 2003; 
Zawistowski et al., 2005), the murine ortholog of which was char¬ 
acterized as a mitogen-activated protein kinase (MAPK) scaf¬ 
fold named osmosensing scaffold for MEKK3 (OSM). The OSM is 
involved in the cellular response to osmotic insults, and is required 
for MEKK3 -mediated activation of p38 in response to cellular stress 
(Uhlik etal., 2003). It is known that p38 is one of several intracellu¬ 
lar kinases that transduce signals essential for vascular remodeling 
and maturation (Issbrucker etal., 2003; Jackson etal., 1998; Tanaka 
et al., 1999). The p38 kinase negatively regulates endothelial cell 
survival, proliferation, and differentiation in fibroblast growth fac¬ 
tor 2-stimulatedangiogenesis (Matsumoto etal., 2002). McMullen 
et al. (2005) showed cell cycle arrest in endothelial cells trans¬ 
fected with an upstream activator of p38 MAPK. The same cells 
have increased migration, with alterations in the actin ultrastruc¬ 
ture and enhanced lamellipodia. Further evidence for a regulatory 
capacity for p38 in angiogenesis is provided by its critical role in 
mural cell recruitment during neovascularization in the rat aorta 
model of angiogenesis (Zhu etal., 2003). 

Using in situ hybridization, Seker et al. (2006) found significant 
colocalization of CCM2 with CCM1 messenger RNA in embryonal 
and postnatal mice. This was confirmed at the protein expression 
level, with both proteins present in arterial endothelium as well 
as in pyramidal neurons and the foot processes of astrocytes. Co- 
immunoprecipitation and fluorescence resonance energy transfer 
studies showed that the CCM1 and CCM2 gene products interact 
with each other (Zawistowski et al., 2005). In much the same way 
thatCCMl and |31 integrin interact withICAPla, this interaction is 
dependent on the PTB domain of CCM2 and is inhibited by a famil¬ 
ial CCM2 missense mutation, suggesting that loss of this inter¬ 
action may be another step in the pathogenesis of familial CMs 
(Zawistowski et al., 2005). In the same way, Zhang et al. (2007) 
reported recently that KRIT -1 interacts with malcavernin through 
its NPXY motifs and may shuttle it through the nucleus via its 
nuclear localization signal and nuclear export signals, thereby reg¬ 
ulating its cellular function. The parallel expression and mutual 
binding of CCM1 and CCM2 suggest that they may function 
through the same regulatory pathways in CM formation. Moreover, 
CCM1, CCM2, and MEKK3 bind in a ternary complex, suggesting 
that the pathways are not simply parallel but probably converge. 

Approximately 40% of kindred with familial CMs show linkage 
to the CCM3 locus (Craig et al., 1998). The CCM3 locus has been 
identified as the programmed cell death 10 (PDCD10) gene located 
on 3q25.2-27 (Bergametti et al., 2005). The PDCD10 gene codes 
for a 212 amino acid protein lacking any known domains. PDCD10 
gene, also called “TFAR15,” was initially identified by screening for 
genes differentially expressed during the induction of apoptosis, 
which is an essential process in arterial morphogenesis, in the 
TF-1 premyeloid cell line (Busch et al., 2004; Wang et al., 1999). 
Interestingly, apoptosis in smooth-muscle cells has been shown 
to be mediated by a pi integrin signaling cascade, providing a 
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possible link with CCM1 and CCM2 in the formation of cerebral 
CMs (Wernig etal., 20031. The PDCD10 gene is highly conserved in 
both vertebrates and invertebrates. Its implication in cerebral CMs 
strongly suggests that it is a new player in vascular morphogenesis 
and/or remodeling. 

Taken together, these data clearly show that cerebral CMs con¬ 
stitute a formidable Mendelian model of stroke characterized by 
focal abnormalities in small intracranial blood vessels leading to 
hemorrhage and strokes and/or seizures. The exact mechanism of 
familial CM pathogenesis is still unknown. Mutation at three dis¬ 
tinct loci (CCM1, CCM2, and CCM3) has been shown in cases of 
familial cerebral CM, and interaction between CCM1 and CCM2 in 
cell signaling has been reported (Zawistowski etal. , 2005). Whether 
CCM3 is also implicated in this pathway remains to be deter¬ 
mined. The roles of these three CCM proteins in the formation 
and maintenance of cerebral vessels, the genetics mechanisms 
that lead to cerebral CMs, and the factors that influence their num¬ 
ber and growth are still quite obscure. Analysis of animal models 
(Plummer etal., 2004, 2006; Whitehead etal., 2004) involving one 
or more of these CCM proteins will be of great help in understand¬ 
ing the initial steps involved in the appearance of cerebral CMs as 
well as to identify modifying genetic or environmental factors that 
are important for clinical care. 

Genotype-phenotype correlations in familial 
cerebral CMs patients 

There are genotype-phenotype correlations among the different 
familial forms of cerebral CMs. Craig et al. (1998) found that the 
penetrance of symptomatic disease among patients harboring 
CCM1, CCM2, and CCM3 was 88%, 100%, and 63%, respectively 
(Craig etal., 1998). These differences were not explained by differ¬ 
ences in age or gender in the families of gene carriers, and none 
of the asymptomatic gene carriers in this analysis was younger 
than 20 years. Denier, Labauge, Brunereau, et al. (2004) analyzed 
clinical features of 202 KRIT-1 mutation carriers in 64 cerebral CM 
families and found that clinical penetrance was 62%. 

Denier et al. (2006) conducted a detailed clinical, neuroradi- 
ological, and molecular analysis of 163 consecutively recruited 
cerebral CM families. A deleterious mutation was found in 128 
probands, and 333 mutation carriers were identified. They found 
that, in the CCM3 group, the proportion of patients with onset of 
symptoms before the age of 15 years was significantly higher and 
that in this group the most common initial presentation was hem¬ 
orrhage. They also found that the number of lesions on gradient- 
echo sequence was significantly lower in the CCM2 group and that 
the number of these lesions increased, significantly, more rapidly 
with age in CCM1 than in CCM2 patients (Denier etal., 2006). 

Sporadic (nonhereditary) condition 

The sporadic form of cerebral CMs cannot be distinguished by 
phenotype from the familial form. Some authors investigated the 
role that mutations at the CCM1 locus play in sporadic cerebral 
CMs and the prevalence of occult familial forms among symp¬ 
tomatic CM patients (Reich etal., 2003; Verlaan etal. , 2002; Verlaan, 


Laurent, Rouleau, etal., 2004; Verlaan, Laurent, Sure, etal., 2004). 
Reich et al. (2003) screened the DNA of 72 consecutive patients 
with CMs and found that none of the patients showed a mutation 
at the CCM 1 site. They concluded that mutations in KRIT -1 are sel¬ 
dom a cause of sporadic cerebral CMs. Verlaan, Laurent, Sure, etal.. 
(2004) analyzed 35 patients with sporadic cerebral CMs, 14 with 
multiple lesions and 21 with a single lesion. They found no CCM1 
mutation in the single lesion group but 29% of CCM1 mutations 
in the multiple lesion group, suggesting that sporadic cases with 
multiple lesions seem to harbor CCM 1 mutations in approximately 
the same proportion as do familial cases (Verlaan, Laurent, Sure, 
ef al., 2004). These findings are consistent with those of others who 
found that sporadic cases harboring multiple lesions are affected 
by a hereditary form of the disease because 75% of them have an 
asymptomatic parent with cerebral CMs lesion on MRI, due to the 
incomplete clinical penetrance of this condition (Labauge et al., 
1998; Rigamonti etal., 1988). 

Pathobiology 

Histology 

CMs are well-circumscribed lesions that consist of closely packed, 
enlarged, capillary-like vessels, without intervening parenchyma. 
On gross examination, CMs are dark red to purple, multilobulated 
masses, often described has having a “mulberry-like” appearance 
(Kondziolka, Lunsford, and Kestle, 1995; Rigamonti et al., 1996; 
Zabramski et al., 1994). Lesions may range in size from a few 
millimeters to several centimeters in diameter. Microscopically, 
CMs are characterized by a complex of markedly dilated vascu¬ 
lar channels (caverns) arranged in a back-to-back pattern with 
little or no intervening parenchyma (Davis and Robertson, 1997; 
Hsu et al., 1993; Maraire and Awad, 1995; Rigamonti et al., 1988, 
1996; Robinson et al., 1991; Tomlinson et al., 1994; Zabramski 
etal., 1994). Histologically, the vascular channels closely resemble 
dilated capillaries, but the walls of the vessels are distinguished 
from classical telangiectasies that display enormous variations in 
size. These walls are composed wholly of collagen and are lined 
with a single layer of endothelial cells. Any cells within the lesion 
are macrophages, usually laden with iron pigment. 

Thrombosis and organization may lead to a considerable pro¬ 
duction of reticulin hbrils, and cholesterin crystals are frequently 
a sequel to thrombosis (Russel and Rubinstein, 1989). The main 
pathological features of CMs (Maraire and Awad, 1995) are sinu¬ 
soidal spaces lined by a single layer of endothelium, separated by 
a collagenous stroma devoid of elastin and smooth muscle, lack of 
intervening brain parenchyma, possible inclusion of satellite-like 
projections into the adjacent brain and evidence of prior micro¬ 
hemorrhage, hemosiderin discoloration, and hemosiderin-filled 
macrophages in the surrounding parenchyma. They may appear 
thickened and hyalinized in some areas but do not contain elastin 
or smooth muscle. 

Examination often indicates past thrombosis with varying 
degrees of organization, calcification, cysts, and cholesterol crys¬ 
tals. A gliomatous reaction may be present in the surrounding 
parenchyma, and sometimes they are associated with capillary 
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telangiectasias (Hsu et al., 1993; Zabramski et al., 1994, 1999). 
Rigamonti etal. (1991) found a 35% incidence of brain parenchyma 
between the abnormally dilated vascular channels in the centers 
of the cavernous lesions they studied and concluded that capillary 
telangiectasia and CMs may represent two pathological extremes 
within the same vascular malformation category. CMs are some¬ 
times associated with DVAs but this issue will be detailed later. 

Ultrastructural characteristics 

The ultrastructural appearance of CMs is that of endothelial cell- 
lined cavern walls composed of an amorphous material lacking 
organized collagen. In 2001, Clatterbuck, Eberhart, Crain, et al. 
(2001) suggested that ultrastructural and immunocytochemical 
evidence of an incompetent blood-brain barrier was related to 
the pathophysiology of CMs. Examination of the ultrastructure 
of their specimens showed endothelium lined vascular sinusoids 
embedded in a dense collagenous matrix and a paucity of any 
other cell type. They reported that CMs vascular sinusoids differed 
from normal cerebral microvessels in important ways. The basal 
lamina underlying the endothelial cells was often multilaminar 
and bordered the dense collagenous matrix directly. There were 
no ensheathing pericytes, smooth muscle cells, or astrocytic pro¬ 
cesses bordering the microvascular units. Immunocytochemistry 
for glial fibrillary acidic protein (GFAP) confirmed that astrocytic 
processes reached the border of these CMs but did not extend 
beyond the brain-CM interface. They also noted gaps between 
endothelial cells lining the channels of the CMs (Clatterbuck, 
Eberhart, Crain, et al. 2001). 

Wong et al. (2000) described poorly formed tight junctions with 
gaps between endothelial cells and vascular channels embedded 
in an amorphous matrix lacking organized collagen. They con¬ 
cluded that the gaps between endothelial cells and the poorly 
organized “cavern” walls contribute to microhemorrhages. These 
findings support the observations of Clatterbuck, Eberhart, Crain, 
etal. (2001) and provide clues in the understanding of the patho¬ 
physiology of CMs. More recently, Tu et al. (2005) reported ultra- 
structural analysis of 13 CMs specimens and showed, besides the 
typical previously reported findings of poorly formed endothelial 
junction and subendothelial support in the vessel walls, that defi¬ 
ciencies occurred in the nonhemorrhagic lesions, including the 
frequent presence of fenestrae and the absence of basal lamina. 
In particular, they found that nonhemorrhagic lesions were differ¬ 
ent from the hemorrhagic ones, in which commonly noted large 
vesicles are bordered on their lumen by thin plasma membranes. 
They also found that primary CMs differ from recurrent ones, in 
which endothelial cells are immature and active in differentiation 
(Tu etal., 2005). 

Biology of growth and angiogenesis 

The potential of CMs to grow was mentioned in 1928 by Cushing 
and Bailey, who observed an increase in size of vascular tumors 
without clearly differentiating between CMs and hemangioblas¬ 
toma. Voigt and Yasargil (1976) and others confirmed this charac¬ 
teristic of CMs in up to 38% of patients with intracranial lesions 


(Bertalanffy et al., 1991; Clatterbuck et al., 2000; Fritschi et al., 
1994; Gangemi etal., 1993; Maraire and Awad, 1995; Pozzati, Accia- 
rri, Tognetti, et al., 1996; Pozzati et al., 1989; Simard et al., 1986; 
Yamasaki etal., 1986; Zimmerman et al., 1991). Although the bio¬ 
logical progression of cavernous angiomas is well recognized, the 
mechanisms of enlargement and growth are still debated and 
include: 1) gross hemorrhage with acute expansion and acute 
mass effect or repeated intralesional hemorrhage and thrombo¬ 
sis, with expansion of a hemorrhagic cyst cavity (Pozzati, Acciarri, 
Tognetti, et al., 1996); 2) chronic hemorrhage with repeated re- 
endothelialization of hemorrhagic cavities, growth of new blood 
vessels as part of the organization of the hematoma, and the lay¬ 
ing down of additional fibrous scar tissue (Maraire and Awad, 
1995; Pozzati, Acciarri, Tognetti, et al., 1996; Schefer et al., 1991); 
3) intraluminal thrombosis with organization and recanalization 
(Tomlinson et al., 1994); 4) budding of new capillaries as reac¬ 
tive angiogenesis with new vessel formation and coalescence, so- 
called hemorrhagic angiogenic proliferation (Maraire and Awad, 
1995; Notelet et al., 1997; Pozzati, Acciarri, Tognetti, etal., 1996; 
Sure, Butz, Schlegel, et al., 2001); and 5) formation of an enhanc¬ 
ing membrane similar to the membrane of a chronic subdural 
hematoma as a result of recurrent hemorrhages from sinusoids of 
the malformation and from the neocapillary network of the cyst 
membrane with osmotic effects (Steiger etal., 1987). 

Recent publications on the biology of CMs led to the hypothesis 
that these lesions should be classified as slowly growing vascu¬ 
lar neoplasms rather than true developmental vascular malfor¬ 
mations (Hashimoto etal., 2000; Kilic etal., 2000; Notelet et al., 
1997; Sonstein et al., 1996). Clinical reports on the de novo for¬ 
mation of CMs with radiotherapy (Detwiler et al., 1998; Gaensler 
et al., 1994; Larson et al., 1998; Maraire et al., 1999; Pozzati, 
Giangaspero, Marliani, et al., 1996) and without radiotherapeu- 
tic induction (Ciricillo et al., 1994) for both familial and sporadic 
CMs prompted discussion on whether CMs are developmental or 
acquired and whether these lesions bear a proliferating and/or 
neoplastic capacity (Brunereau et al., 2000; Detwiler et al., 1997, 
1998; Larson etal., 1998; Massa-Micon etal., 2000; Pozzati, Acciarri, 
Tognetti, et al., 1996; Pozzati, Giangaspero, Marliani, et al., 1996; 
Rosahl etal., 1998). 

Recent immunohistochemical studies have investigated the 
expression of angiogenic and proliferative markers in cere¬ 
bral vascular malformations (Abdulrauf, Malik, and Awad, 1999; 
Hashimoto et al., 2000; Kilic et al., 2000; Sure et al., 2004, 2005; 
Sure, Butz, Schlegel, etal., 2001; Sure, Butz, Siegel, et al., 2001). Such 
investigations contribute to the understanding of the proliferative 
and angioneogenetic mechanisms that are operative during the 
development of CMs. 

The processes of new vessel genesis during embryonic devel¬ 
opment (vasculogenesis) and the sprouting of vessels from 
pre-existing vascular beds during organogenesis and in patholog¬ 
ical processes, such as inflammation, wound healing, and tumor 
growth (angiogenesis), have been studied extensively (Bobik and 
Campbell, 1993; Clauss etal., 1990; Folkman and Klagsbrun, 1987; 
Keep and Jones, 1990; Krum et al., 1991; Risau, 1990). Several 
factors have been identified that mediate endothelial cell and 
other vascular wall element proliferation, migration, adhesion, 
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and permeability. Vascular endothelial growth factor (VEGF), a 
glycoprotein initially identified as vascular permeability factor, 
promotes angiogenesis and possesses unique features of endothe¬ 
lial cell target specificity. It also promotes the permeability of vas¬ 
cular beds through leakage at intercellular junctions, possesses 
unique features of endothelial cell target specificity, and is associ¬ 
ated withanumberofpathologicalprocesses (Berkman etal., 1993; 
Clauss et al., 1990; de Vries et al., 1992; Ferrara et al, 1991, 1992; 
Gospodarowicz et al., 1989; Jakeman et al., 1992; Keck etal., 1989; 
Leung etal, 1989; Senger etal, 1993,1997). Another factor, bFGF 
has been shown to be a powerful mediator of endothelial and 
hbroblast proliferation (Gospodarowicz etal., 1987, 1988; Paulus 
et al., 1990; Rifkin and Moscatelli, 1989; Schweigerer et al., 1987; 
Tsuboi etal., 1990; Vlodavsky et al., 1991). 

In an immunohistochemical study, Rothbart etal. (1996) found 
immunostaining of VEGF and bFGF in four of five cases of CMs. 
They also found no expression of laminin in any CMs, whereas 
laminin was expressed in AVMs. By contrast, fibronectin expres¬ 
sion was more prominent in CMs. 

The basement membrane of vascular beds contains varying 
amounts of fibronectin and laminin (matrixproteins) (Garbisa and 
Negro, 1984; Kittelberger etal., 1990; Krum etal., 1991; Risau and 
Lemmon, 1988). These proteins are thought to contribute to the 
structural integrity of the vessel wall, anchoring endothelial cells to 
the underlying internal elastic and smooth muscle layers (Dejana 
et al., 1987; Krum etal., 1991; Risau and Lemmon, 1988). During 
vasculogenesis and angiogenesis, immature vessels are associated 
with nonadherent proliferating endothelium in a fibronectin-rich 
matrix deficient in laminin expression, whereas more mature ves¬ 
sels with adherent nonproliferating endothelium express laminin 
more consistently and contain scant fibronectin in their matrix. 
This suggests that CMs have more immature proliferating vessels 
than AVMs. There is weaker expression of structural protein (col¬ 
lagen IV and alpha smooth muscle actin) in CMs than in AVMs. 
These findings are consistent with the poorly formed subendothe- 
lial support reported in ultrastructural analysis (Clatterbuck, Eber- 
hart, Crain, etal., 2001). New angiogenesis in CMs has now been 
often noted, confirming the expression of angiogenic factors in 
most cases and the poor expression of structural protein. VEGF 
has been reported to be expressed in 40%-97% of CMs. The expres¬ 
sion of VEGF receptors (FLT-1 and FLK-1) has also been reported 
in several studies (lung et al., 2003; Kilic et al., 2000; Sure et al., 
2004, 2005; Sure, Butz, Schlegel, etal., 2001; Zhao etal, 2003). 

Maiuri et al. (2006) reported the analysis of angiogenic and 
growth factors in 43 cases of CMs. They found expression of VEGF 
in 83% of cases and of transforming growth factor alpha (TGF-a), 
a dimeric protein that regulates angiogenesis by stimulating the 
formation of blood vessels in 54% of cases. Two other studies 
reported the expression of the a-isomer of TGF in 97% and 100% of 
specimens, but no study assessed the difference between isomers 
of TGF (Kilic etal., 2000; Zhao etal., 2003). Maiuri etal. (2006) also 
found expression of tenascin in 84% of cases. Tenascin, a glycopro¬ 
tein of ECM, is expressed during embryonic life and is absent in the 
normal brain. Evidence of this growth factor has been found in the 
vessels of anaplastic gliomas, and is considered a marker of vas¬ 
cular proliferation for intracerebral growing lesions (Zagzag and 


Capo, 2002). Viale etal. (2002) also found expression of tenascin-c 
in 100% of cases in their series. These findings support the growth 
potential of CMs. 

A protein isolated from human platelets, platelet- derived growth 
factor (PDGF), stimulates the proliferation of connective and 
neuroglial cells and may play an important role in angiogenesis 
(Lamszus etal., 2004). The expression of PDGF has been described 
in some brain tumors. Maiuri etal. (2006) reported its expression 
in 95% of cases in their series. The fact that CMs strongly express 
growth factors involved in angiogenesis and ECM formation might 
indicate a growth potential of these vascular malformations. Table 
29.1 summarizes the expression of different proliferative and 
angiogenic factors as well as some structural proteins CMs among 
larger series. 

The proliferative indices PCNA and Ki-67 have also been 
assessed in several studies (Kilic et al., 2000; Maiuri et al., 2006; 
Notelet et al., 1997; Sure et al., 2004, 2005; Sure, Butz, Schelegel, 
etal., 2001; Tirakotai etal., 2006; Zhao etal., 2003). PCNA positivity 
has been reported in 85% (Notelet etal., 1997) and 86% (Sure etal., 
2005) of cases in two series and Ki-67 positivity in 19% (Maiuri 
et al., 2006) and 38% (Sure et al., 2005) of cases in two adult 
series and signihcantly more often in a pediatric series (Tirako¬ 
tai et al., 2006). The different expression of PCNA and Ki-67 may 
be explained by the difference of their half-lives (Sure etal., 2005). 

Local hypoxia contributes to neoangiogenesis (Sure etal., 2004; 
Zagzag et al., 2000). Recently, Sure et al. (2004) first investigated 
the expression of HIF-la in cerebral CMs. They identified HIF-la 
as a protein involved in the biological process of angiogenesis in 
almost half of their cerebral CMs (48.1%) (Sure etal., 2004). 

Apoptosis is known to be involved in the development and 
malignant progression of brain gliomas. It is regulated by the 
balance between antiapoptotic proteins (bcl-2 and bcl-XL) and 
proapoptotic proteins, which may activate the caspases (Maiuri 
et al., 2006). Three reports detailed the role of apoptosis in 
CMs (Cheng et al., 1999; Maiuri et al., 2006; Takagi et al., 2000). 
Takagi et al. (2000) found caspase-3 immunoreactivity in all five 
CMs in their series. Cheng et al., (1999) found increased expres¬ 
sion of the antiapoptotic protein bcl-2 in 10 CMs, and Maiuri 
et al. (2006) found bcl-2 positivity in 10 (23.3%) of 43 specimens, 
all of them displaying an aggressive clinical course. These find¬ 
ings are consistent with the recent identification of the CCM3 gene 
(PDCD10), which encodes a protein that has been related to apop¬ 
tosis (Bergametti etal., 2005). 

Maiuri et al. (2006) analyzed the reactive normal brain tissue 
adjacent to CMs and found expression of tenascin, TGF-a, and 
PDGF, although at a rate significantly lower (20%-27.5%) than that 
found in the CM tissue. The expression of these growth factors may 
reflect the gliotic reaction of the adjacent brain to repeated hem¬ 
orrhages. Nevertheless, VEGF was not expressed in the reactive 
brain tissue, as was reported by Kilic et al., 2000. 

Researchers have also investigated the natural history of cere¬ 
bral CMs, both the sporadic and familial forms (Aiba et al., 1995; 
Clatterbuck etal., 2000; Del Curling etal., 1991; Houtteville, 1997; 
Kim etal., 1997; Kondziolka, Lunsford, and Kestle, 1995; Labauge 
etal., 2000, 2001; Porter etal., 1997). Some factors associated with 
clinical and radiological progression have been identified such as 
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age, large size with mass effect, familial occurrence, documented 
change in size, de novo appearance, and hemorrhagic episode. 
They confirm that some cases show a more aggressive course. 
However, even if familial forms seem to have a more aggressive 
behavior, factors associated with this more aggressive course have 
yet to be determined. 

Whether the familial occurrence and the more aggressive clin¬ 
ical course of some brain CMs can be correlated with differences 
in the expression of growth factors and proliferative indices has 
been poorly investigated (Maiuriefa/., 2006; Sure etal., 2005). Sure 
etal. (2005) found no correlation between clinical factors and bio¬ 
logical markers but did not correlate these markers specifically to 
CMs with an aggressive course. Jung etal. (2003) found that VEGF 
serum levels increased during the dynamic period and became 
normal during the steady and resolved stages of a CM that had a 
progressive course. These authors speculated that the endothelial 
proliferation induced by VEGF was an important element in the 
development of brain CMs. 

Maiuri et al. (2006), among 43 patients harboring cerebral CMs, 
32 with a stable and sporadic form and 11 with more aggres¬ 
sive behavior, found a higher rate of positive TGF-a expression 
in the aggressive group, whereas the expression of VEGF, PDGF, 
and tenascin showed no differences between the two groups. In 
contrast, they found that more aggressive CMs had a significantly 
higher expression of TGF-a, PDGF, and tenascin in the perilesional 
reactive brain parenchyma, whereas VEGF expression was found 
in all but two cases in both stable and aggressive lesions. They also 
found both the Ki-67 labeling index and bcl-2 to be absent in the 
group ofstable lesions, whereas itwaspositivein8 (72.7%) ofthe 11 
more aggressive CMs. Tirakotai etal. (2006) found the immunore- 
activity of MIB-1 to occur significantly more often in children than 
in adults. Given that pediatric CMs seem to have more aggressive 
behavior than do adult CMs, this might indicate an actual prog¬ 
nostic value of Ki-67 expression. However, these findings have 
yet to be confirmed because Sure et al. did not find any differ¬ 
ence between clinical features in patients with positive or negative 
Ki-67 and because Cheng etal. (1999) found bcl-2 positivity in all 
of their patients. 

The strong expression of some biological markers involved 
in angiogenesis, proliferation, ECM formation, and apoptosis in 
brain CMs shows that they are dynamic lesions with growth poten¬ 
tial, even when they are observed as stable lesions with an indo¬ 
lent course. VEGF is an important growth factor involved in the 
progression of brain gliomas, where it is correlated with tumor 
aggressiveness and neovascularization. Nevertheless, its role in 
the progression of cavernous angiomas remains controversial, 
and whether it reflects a nonspecific pathological reaction to 
intracranial hemorrhage rather than a true endothelial prolifer¬ 
ation remains unclear. Moreover, whether more evolutive CMs are 
associated with a significantly higher expression of Ki-67 and bcl-2 
has to be analyzed further. Finally, the possibility that the perile¬ 
sional brain parenchyma surrounding aggressive CMs expresses 
some growth factors such as TGF-a, PDGF, and tenascin at a sig¬ 
nificantly higher rate than is found in stable and more indolent 
lesions should be investigated in larger series. This would per¬ 


haps indicate that the perilesional tissue may be predisposed and 
recruited for further growth and progression of the CM. 

Natural history and risk of hemorrhage 
Dynamic mature 

There is growing evidence that, in both sporadic and familial forms, 
CMs are lesions of dynamic nature. Studies have been conducted 
to assess the actual dynamic mature of CMs (Bertalanffy et al., 
2002; Fritschi et al. } 1994; Maraire et al., 1999; Moriarity, Clatter- 
buck, and Rigamonti, 1999; Nimjee et al., 2006; Pozzati, Acciarri, 
Tognetti, etal., 1996) but few were especially dedicated to radiolog¬ 
ical assessement (Clatterbuck efal., 2000; Kim etal., 1997; Labauge 
et al., 2000, 2001) (Table 29.2). Kim et al. (1997) first reported the 
MRI changes of CMs in a retrospective study of 62 patients har¬ 
boring 108 lesions. They noted modification of these lesions both 
in size and signal intensity. To understand imaging-documented 
changes in CMs over time, Clatterbuck et al. (2000) analyzed the 
MRI signal characteristics of 114 CMs found in 68 patients who 
were followed prospectively. They showed that, during a follow¬ 
up interval of 18 months, 22% of lesions were stable in volume, 
43% increased, and 35% decreased in size. Over a longer interval 
of serial imaging (mean 26 months), only 10% of lesions were sta¬ 
ble in volume, 35% increased, and 55% decreased in volume. The 
overall trend was for CMs slowly to decrease in size (Clatterbuck 
etal., 2000). Interestingly, the clinically relevant hemorrhage rate 
reported over the same time period in these patients was much 
less: 3.1% per patient per year (Moriarity, Wetzel, Clatterbuck, 
etal., 1999). Even though the decrease in volume can be explained 
by resorption and organization of an intralesional or extralesional 
hematoma, the increase in volume, however, is probably due not 
only to hemorrhage but also to another process, namely cell growth 
disorder. Clatterbuck et al. (2000) also showed that the observed 
changes in MRI characteristics were common; they proposed an 
ordered scheme in which lesions generally progress from type I to 
type II and then to the type III MRI characteristics described by 
Zabramski elal. (1994) with the age of blood products they contain. 
In 2000, Labauge et al. (2000) reported a retrospective MRI study 
of 40 patients with cerebral CMs over a mean follow-up period of 
3.2 years. They showed that CMs changed in both size and signal 
during the follow-up period and that the changes in signal inten¬ 
sity suggested a continuum between the different types of CMs 
(Clatterbuck etal., 2000; Labauge etal., 2000). 

De novo lesions 

De novo genesis of CMs has recently been established as a part of 
their natural history. New lesions have been described after both 
whole brain radiation and stereotactic irradiation as well as along 
a needle biopsy tact (Detwiler et al., 1998; Gaensler et al., 1994; 
Larson et al., 1998; Maraire et al., 1999; Ogilvy et al., 1993; 
Pozzati, Giangaspero, Marliani et al., 1996). De novo for¬ 
mation of CMs without radiotherapeutic induction for both 
familial and sporadic cases is a well-known phenomenon 
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(Bertalanffy et al., 2002; Brunereau et al., 2000; Ciricillo et al., 
1994; Detwiler etal., 1997; Fender etal., 2000; Massa-Micon et al., 
2000; Pozzati, Acciarri, Tognetti, et al., 1996; Rosahl et al., 1998). 
Such new lesions were first reported in patients with the famil¬ 
ial form (Zabramski et al., 1994). Detwiler et al. (1997) later 
described a patient with no family history of this disease or a 
history of treatment with cranial radiation, which invalidates the 
assumption that CMs are always congenital lesions. Zabramski 
et al. (1994) in a prospective study of 21 patients with the familial 
form of CMs found de novo lesions in 29% of patients at a rate 
of 0.4 lesions per patient per year. These results are consistent 
with those of Labauge et al. (2000), who found in a retrospective 
study of 40 familial Cavernous malformations affected patients 
during a follow-up period of 38.4 months, 11 patients with de novo 
lesions (27.5%). In a study of 33 familial cases prospectively fol¬ 
lowed over a period of 25.2 months, Labauge et al. (2001) found 
new lesions in 30% of cases at the same incidence rate reported 
by Zabramski et al. (1994), 0.4% per patient per year. An impor¬ 
tant feature of this study was the systematic use of gradient-echo 
MR sequences for all patients, thus decreasing the possibility of 
false-positive cases. Kim etal. (1997), in a retrospective study of 68 
patients, reported 4% of new lesions during a follow-up period 
of 22.4 months. They did not report the proportion of familial 
cases, but the frequency of multiple lesions (21%) was consistent 
with a rather sporadic series. Clatterbuck et al. (2000) reported in 
68 patients comprising 13 familial forms 4.4% of de novo lesions 
over a follow-up period of 62.4 months. However, since the time 
of their analysis, a new case of de novo lesion has been reported 
in one patient leading the frequency of de novo lesions to 15% in 
their familial forms. These findings clearly demonstrate a trend 
toward a greater incidence of de novo lesions in familial forms 
but confirm the actual occurrence of de novo lesions in sporadic 
cases. 

The origin and the cause of new lesion formation are obscure. 
A common finding in three previous studies of familial forms 
is the MR appearance of de novo lesions (Labauge et al., 2000, 
2001; Zabramski et al., 1994). These lesions are seen mainly as 
hypointense signals on T2WI images or hypointense signals on 
gradient-echo sequences corresponding to type III and IV in the 
classification described by Zabramski etal. (1994). In the study of 
Labauge et al. (2001), 86% of the 30 new lesions detected during 
the follow-up period were of type IV appearance. The nature of 
these lesions seen as hypointense signals remains poorly under¬ 
stood. They may be true new lesions or small malformations, ini¬ 
tially undetectable on MRI. Appearance of these lesions on serial 
MRI with gradient-echo sequences suggests that they are true 
new lesions. The histological correlation of these hypointense sig¬ 
nals is not established. They may be telangiectasias or small CMs 
(Rigamonti et al., 1991). The natural history and the ultimate 
behavior of hypointense lesions are not well known. Of the 154 
type IV CMs reported in the study of Labauge et al. 2001, none 
presented as a hemorrhage and only one turned to type II. Simi¬ 
larly, in the study of Zabramski etal. (1994), these lesions remained 
uniformly silent. These features suggest that, in familial CMs, two 
different types of lesion are observed: true CMs, seen as types I and 
IIonMRI, and related vascular malformations, seen as types III and 


IV, which may represent the precursor state of the familial form 
of CMs. 

The possibility that de novo lesions, represent pre-existing radi- 
ologically undetectable lesions, cannot be excluded. However, the 
sensitivity of gradient-echo MRI sequences and the growing num¬ 
ber of reports on the proliferating and/or neoplastic capacity of 
CMs (Kilicera/., 2000;Maiuriefa/., 2006; Noteletefa/., 1997; Roth- 
bart et al., 1996; Zabramski et al., 1994) favors the hypothesis of 
development of de novo lesions in the natural history of CMs both 
in their familial and sporadic form. This is an important issue given 
that some authors calculate a “retrospective” hemorrhagic rate 
assuming that the lesions are present at birth (Del Curling et al., 
1991; Fritschi ef a/., 1994; Kim etal., 1997; Kupersmith etal., 2001; 
Porter etal., 1999; Wang etal., 2003). Indeed, the acknowledgment 
of de novo appearance of CM invalidates this approach, which 
may underestimate by an unknown factor the true incidence of 
bleeding. 

Risk of hemorrhage 

Bleeding rate 

Knowledge of the natural history of CMs is important in clinical 
practice, because decisions on further treatment recommenda¬ 
tions are based to a great extent on the estimated risk of further 
morbidity in each patient. Reports have appeared during the past 
10 years dealing with retrospective and prospective analysis of 
the natural history of CMs (Del Curling et al., 1991; Fritschi et al., 
1994; Kondziolka, Lunsford, and Kestle, 1995; Kupersmith et al., 
2001; Labauge etal., 2000,2001; Maraire andAwad, 1995;Moriarity, 
Clatterbuck, and Rigamonti, 1999; Moriarity, Wetzel, Clatterbuck, 
etal., 1999; Porter etal., 1997,1999; Pozzati, Acciarri, Tognetti, etal., 
1996; Robinson etal. ,1991; Zabramski etal. , 1994). The risk of hem¬ 
orrhage for CMs is lower than that of AVMs. But definition of the 
hemorrhagic rate is complicated by the considerable heterogene¬ 
ity regarding the terminology and definition of hemorrhage and 
the methods of calculating bleeding rates across series. The vari¬ 
ability of hemorrhage patterns from a CM is reflected by the great 
variety of terms used in the literature to describe the bleeding event 
from the CM. Some commonly used terms are “overt hemorrhage, ” 
“symptomatic hemorrhage,” “microhemorrhage," “intralesional 
or perilesional ooze or diapedesis,” “extralesional hemorrhage,” 
or “subclinical hemorrhage” (Aiba et al., 1995; Fritschi et al., 
1994; Kondziolka, Lunsford, and Kestle, 1995; Labauge etal., 2000; 
Moriarity, Clatterbuck, and Rigamonti, 1999; Pozzati, Acciarri, 
Tognetti, et al., 1996; Robinson andAwad, 1993; Robinson et al., 
1991; Zabramski etal., 1994). 

Because of uncertainty regarding the definition of hemorrhage 
and to assess what is of greatest import to the patient, Porter et al. 
(1997) reported “event rates” (neurological deterioration regard¬ 
less of neuroradiological findings) rather than hemorrhagic rates 
in their series of 173 patients. The clinical significance of hemor¬ 
rhage depends not only on the severity of the bleeding but also 
on the location of the lesion. Even large hematomas occurring in 
noneloquent areas of the brain may cause little or no neurologi¬ 
cal symptoms, and conversely, even small intralesional or extrale¬ 
sional hematomas within the brainstem or other functional areas 
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Retrospective rates: 

1) Retrospective patient-year bleeding rate: 

Number of bleeding episodes since birth 

Prospective rates: 

1) Prospective patient-year bleeding rate: 

Number of bleeding episodes after detection of CM 

Mean age of patients X Number of patients 

2) Retrospective lesion-year bleeding rate: 

Number of bleeding episodes since birth 

Mean duration of Follow-up after detection X Number of patients 

2) Prospective lesion-year bleeding rate: 

Number of bleeding episodes after detection of CM 

Mean age of patients X Number of lesions 

Mean duration of Follow-up after detection X Number of lesions 


Figure 29.1 Calculation modalities of CMs bleeding rate. 


may cause severe neurological deficits. Therefore, it seems reason¬ 
able to combine the clinical signs and symptoms with objective 
radiographic evidence of extralesional hemorrhage for the cal¬ 
culation of a clinically meaningful hemorrhage rate (Moriarity, 
Clatterbuck, and Rigamonti, 1999; Moriarity, Wetzel, Clatterbuck, 
etal., 1999). 

There are mainly two ways that calculated bleeding rates in 
a population have been reported - the annual per-patient rate 
and the annual per-lesion rate. The data quantified in terms of 
“patient-year” are determined by the sum of follow-up duration 
in years for each patient in a prospective way and by the sum of 
each patient’s age in years in a retrospective way, assuming that 
the lesion is present at birth. Similarly, data quantified in terms 
of “lesion-year” are determined by the sum of the lesions mul¬ 
tiplied by the follow-up period for each patient in a prospective 
way and by the sum of each patient’s age in years in a retrospec¬ 
tive way (see Figure 29.1). However, another confusion has been 
created by using either the total number of hemorrhage events, 
observed in the population of a study, or the number of patients 
who have presented with a hemorrhagic event to calculate the 
annual bleeding rate per patient. Among 40 patients with familial 
form, Labauge etal. (2000) reported a prospective annual bleeding 
rate of 16.5% per patient per year (21 hemorrhages in 14 patients 
over a 127 patient-year period = 21/127 = 0.165). The same authors 
later cited this study as showing an annual bleeding rate of 11 % per 
patient per year (14/127 = 0.11) (Labauge etal., 2001). Kondziolka, 
Lunsford, and Kestle, (1995), calculating the prospective risk of 
hemorrhage among 122 patients with a mean follow-up period 
of 2.8 years (a 341.6 patient-year interval), found 9 hemorrhagic 
events in 7 patients and reported an annual bleeding rate of 2.63% 
(9 / 341.6) per patient per year. Similarily, Moriarty, Wetzel, Clat¬ 
terbuck, et al. (1999) in a prospective study of 68 patients over a 
mean follow-up period of 62 months (62 x 68 ~ 352.9 patient-year 
follow-up period) found 11 hemorrhagic events in 7 patients lead¬ 
ing to a prospective hemorrhage rate of 3.1% (11 / 352.9 = 0.031) 
per patient-year. The data shown in Table 29.3 and quantified in 
“patient-year” for all the series are calculated by dividing the num¬ 
ber of hemorrhagic events (not the number of patients with hem¬ 
orrhagic events) by the prospective or retrospective patient-years 
of observation. 

Retrospective annual hemorrhage rates, assuming that the 
lesion is present since birth, have been reported in a range of 
0.25%-2.3% per patient-year in sporadic and mixed series (Aiba 
et al., 1995; Del Curling et al., 1991; Kim et al., 1997; Kondziolka, 
Lunsford, and Kestle, 1995). Prospective annual hemorrhage rates 


have been reported in a range of 0.8%-3.1% per patient-year in 
sporadic and mixed series (Aiba etal., 1995; Kondziolka, Lunsford, 
and Kestle, 1995; Moriarity, Wetzel, Clatterbuck, etal., 1999; Porter 
et al., 1997; Robinson et al., 1991) and in a range of 4.3%-16.5% 
per patient-year in familial series (Labauge et al., 2000, 2001; 
Zabramski etal., 1999). 

Annual hemorrhage rates in term of lesion-year whether 
prospectively or retrospectively assessed have been reported in 
a range of 0.1%-1.4% in sporadic and mixed series and in a range 
of 0.7%-2.5% per lesion-year in familial CMs series. Thus when cal¬ 
culated in a "lesion-year” way, the observed rate of hemorrhage in 
familial CMs do not differ from those reported in sporadic cases. 
These data suggest that each CM in a familial form has the same 
hemorrhage rate as single (and therefore sporadic) CMs. As most 
patients with familial CMs have multiple lesions (84%-93%), the 
reported hemorrhage rate per patient is higher (Clatterbuck etal., 
2000; Labauge etal., 2000, 2001; Zabramski etal, 1994). 

Rebleeding rates have been poorly reported. Given that the 
mean follow-up period, in studies where the bleeding rates 
are assessed prospectively, is quite short (ranging from 25 to 
62 months), the rebleeding rate when calculated was 0% (Labauge 
et al., 2001; Moriarity, Wetzel, Clatterbuck, et al., 1999; Robinson 
et al., 1991; Zabramski et al., 1994). Kim et al. (1997) in a retro¬ 
spective series found a rebleeding rate of 3.8% per patient-year for 
patients treated medically and a rate of 7.8% for patients treated 
by gamma knife radiosurgery. 

Brainstem CMs 

Hemorrhage is the most common clinical presentation in brain¬ 
stem CMs, accounting for 73%-97% of cases (Fritschi etal., 1994; 
Kupersmith etal., 2001; Porter etal., 1999; Wang etal., 2003). The 
reported bleeding rates in brainstem CMs series (mostly sporadic 
forms), range from 3.3%-6.3% patient-year and are higher than 
the rates found in supratentorial series supporting that location 
constitutes a predictive factor for hemorrhage (Aiba et al., 1995; 
Labauge, 2000; Porter et al., 1997; Robinson et al., 1991). All the 
reported bleeding rates were calculated retrospectively and so 
were probably underestimated. Fritschi et al. (1994) reported a 
rate of bleeding of 4.3% patient-year. Wang et al. (2003) reported 
the highest estimated bleeding rate of 6.3% per patient-year in a 
series of 137 patients harboring 141 brainstem CMs (Table 29.3). 
Unlike CMs in other locations, the rebleeding rate of brainstem 
lesions is significantly higher than in their supratentorial coun¬ 
terparts. Most series found previous hemorrhage to be associated 
with a higher risk of rebleeding. Fritschi et al. (1994), Porter et al. 
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Table 29.3 Natural history of CMs literature review 


Authors 

No. of 

pts 

No. of 

CMs 

Assessment of 

bleeding rate 

Bleeding 

rate / 

patient 
/ year 

Bleeding 

rate / 

lesion / 

year 

De novo 

lesion (% / 
patients) 

Rebleeding 

rate / 

patient / 

year 

Changes 

in size 

(%/ 

patients) 

Changes in 
signal (% / 
patients) 

Mean FU 

(months) 

Del Curling 

32 

76 

Retrospective 

0.25% 

0.1% 

Nc 

0% 

Nc 

Nc 

8.5 

etal., 1991 

Robinson etal., 

66 

76 

Prospective 

0.8% 

0.7% 

Nc 

0% 

8.6%§ 

88.6%§ 

26 

1991 

Zabramskief al., 

31 

128 

Prospective 

13% 

2% 

29% 

0% 

19% 

38% 

26.4 

1994 

Aiba etal., 1995 

110 

Nc 

Prospective 

6.5%* * ** 

0.39%f 

1.1%** 

Ncf 

Nc 

11.1%£ 

Nc 

Nc 

56.4 

Kondziolkaefa/., 

122 

Nc 

Prospective 

Nc$ 

2.63% / 

22.9$% 

Nc 

Nc 

Nc 

Nc 

Nc 

34 

1995 

Kim etal., 1997 

62 

108 

Retrospective 

0.6%f 

4.5%$ 

2.3% 

1.4% 

4% 

3.8%§§ 

4% 

28% 

22.4 

Porter PJ, etal., 

173 

Nc 

Prospective 

1.6% 

Nc 

Nc 

7.8%$$ 

Nc 

Nc 

Nc 

46 

1997 

Moriarity etal., 

68 

>228 

Prospective 

4.2%# 

3.1% 

Nc 

4.4% 

0% 

90%## 

Nc 

62.4 

1999 

Labauge etal., 

40 

232 

Prospective 

16.5% 

2.5% 

27.5% 

Nc 

22.5% 

27.5% 

38.4 

2000 

Labauge etal., 

33 

234 

Prospective 

4.3% 

0.7% 

30% 

0% 

9.1% 

3% 

25.2 

2001 

Brainstem CMs series 

Fritschiefa/., 139 

Nc 

Retrospective 

4.3% 

Nc 

Nc 

21% 

21% 

Nc 

30 

1994 

Porter etal., 1999 

100 

103 

Retrospective 

5% 

Nc 

Nc 

30% 

Nc 

Nc 

35 

Kupersmith 

37 

Nc 

Retrospective 

2.8% 

Nc 

Nc 

5.1% 

33% 

Nc 

59 

etal., 2001 

Wang etal., 2003 

137 

141 

Retrospective 

0.44%ff 

6.3% 

Nc 

Nc 

14.2% ft 

60% 

Nc 

Nc 

52 

Ferroli etal., 

52 

52 

Retrospective 

3.8% 

3.8% 

Nc 

34.7% 

Nc 

Nc 

51 

2005 

Bruneauef al., 

22 

22 

Retrospective 

2.68% 

2.68% 

Nc 

17.7% 

Nc 

Nc 

45 


2006 

Notes: Nc, not communicated/indicated/provided; FU, follow-up. 

§ Results from a subgroup of 35 patients with serial MR1 review. 

* Only in 21 patients with complete follow-up data, 
t Patient group with prior hemorrhage. 

$ Patient group with no prior hemorrhage. 

** Symptomatic bleeding rate. 

§§ Annual rebleeding rate per person for patients treated medically. 

$$ Annual rebleeding rate per person for patients treated by radiosurgery. 

# “Event rate" definition of Porter, PJ, et al. 1997. 

## Data from the article of Clatterbuck et al. on the same series of patients. 
£ Only for brainstem lesions, 
ft Extralesional bleeding and rebleeding rates. 
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(1997) and Wang et al. (2003) reported rebleeding rates of 21%, 
30%, and 60% per patient-year, respectively. 

Predictors of hemorrhage 

Predictive factors for intracranial hemorrhage in patients harbor¬ 
ing CMs is a critical issue because the optimal therapeutic man¬ 
agement of such lesions is tailored according to the bleeding risk. 
Data regarding predictors of hemorrhage in patients affected by 
CMs varies considerably (Aiba eta/., 1995; Clatterbuck eta/., 2000; 
Del Curling eta/., 1991; Fritschi etal., 1994; Kondziolka, Lunsford, 
andKestle, 1995; Kupersmith et a/., 2001; Labauge etal, 2000,2001; 
Maiuri etal, 2006; Maraire and Awad, 1995; Moriarity, Clatterbuck, 
and Rigamonti, 1999; Porter etal, 1997;Pozzati,Acciarri, Tognetti, 
etal, 1996; Zabramski et al, 1994) (Table 29.4). Several authors 
calculated annualized bleeding rate as related to the patient age 
and sex, size, location, and multiplicity of the lesion, and previous 
hemorrhage events, although not all factors were analyzed by each 
author. Table 29.4 summarizes the published results. 

Robinson et al (1991) commented that the bleeding may be 
higher in women and in brainstem lesions. Others also found a 
female preponderance of bleeding risk (Aiba etal, 1995; Moriarity, 
Wetzel, Clatterbuck, et al, 1999; Pozzati, Acciarri, Tognetti, 
etal, 1996), suggesting that endocrine factors may influence hem¬ 
orrhage tendencies, because some bleeding episodes in women 
occurred during pregnancy (Aiba etal, 1995; Robinson etal, 1991). 
These observations are supported by investigations that detected 
estrogen receptors in a few women who had CMs (Porter et al., 
1999). Another study found no impact of gender on bleeding occur¬ 
rence (Del Curling et al, 1991; Kondziolka, Lunsford, and Kestle, 
1995). 

The location of the CMs may also play an important role, 
although some studies found no differences. Porter et al. (1997) 
found infratentorial and deep-seated lesions to be significantly 
correlated to a higher bleeding rate. Their results concur with 
those of Aiba et al. (1995), Labauge et al. (2000), and Robinson 
etal. (1991) but contrast with those of other series (Del Curling et 
al., 1991; Kondziolka, Lunsford, and Kestle, 1995; Zabramski etal., 
1994). Location is clearly a significant predictive factor of hemor¬ 
rhage (Fritschi et al., 1994; Kupersmith et al., 2001; Porter et al., 
1999; Wang etal., 2003). 

Zabramski et al. (1994) and Aiba et al. (1995) reported a con¬ 
siderably higher bleeding incidence in patients who had previous 
hemorrhages. The high frequency, rapidity, and gravity of hem¬ 
orrhagic recurrences after a first intracranial hemorrhage from 
a cerebral CM have also been stressed by Duffau et al. (1997). 
This factor failed to show any influence in other series (Moriarity, 
Wetzel, Clatterbuck, etal., 1999; Porter etal., 1997). 

Association with DVAs 

Mixed or transitional vascular malformations were described in 
the early 1990s raising the possibility that these lesions might rep¬ 
resent a wide continuum of progression of a single pathological 
entity. Several authors reported the coexistence of these different 
vascular malformations (Ciricillo etal., 1994; Clatterbuck, Elmaci, 
and Rigamonti, 2001; Hirsh, 1981; Maeder etal., 1998; Ogilvy and 


Heros, 1988; Porter et al., 1999; Rigamonti et al., 1990, 1991; Rig¬ 
amonti and Spetzler, 1988; Sheehan et al., 2002). The most com¬ 
mon mixed vascular malformations reported are CMs associated 
with DVAs (Topper etal., 1999). The natural history, the biological 
behavior, as well as the management of such mixed lesions remain 
unclear. Most authors agree that microsurgical resection of CMs 
protects efficiently against future bleeding and that resection of the 
associated DVA may result in a clinically significant venous infarc¬ 
tion, and controversies exist about whether DVAs are involved 
in the induction of CMs (Awad et al., 1993; Ciricillo et al., 1994; 
Wilson, 1992; Wurm etal., 2005). 

DVAs are congenital anomalies of normal venous drainage 
consisting in a number of dilated, radially arranged medullary 
veins resembling a “caput medusae” surrounded by normal 
parenchyma converging into a single large draining vein (Abe 
et al., 1998, 2003; Perrini and Lanzino, 2006; Topper et al., 1999; 
Wurm et al., 2005). DVAs represent the most frequent intracra¬ 
nial vascular malformation, accounting for more than 60% of 
them (Martin et al., 1984). Autopsy- and MRI-based studies have 
shown DVAs occurring in the population with a prevalence of 3% 
(McLaughlin et al., 1998). An association between CMs and DVA 
was first reported by Roberson etal. (1974). Since then, an increas¬ 
ing number of cases have been reported. However there is an 
important discrepancy in the reported frequency of this associ¬ 
ation, because it ranges from 2.1% to 100% across series (Wurm 
etal., 2005). Based on MRI findings, Abdulrauf, Kaynar, and Awad 
(1999) identified 24% of DVA-CM associations in 55 patients with 
CMs. Similarly, Wurm et al. (2005) found that 25.8% of CMs were 
associated with DVA in 58 patients. Porter et al. (1999), among 
86 surgically treated lesions, reported an incidence of associated 
DVA of 100%, whereas their preoperative MRI showed DVAs only 
in 32% of 73 explored cases. These findings suggest that MRI- 
based detection of DVAs may underestimate their true incidence 
(see Figure 29.2). However, in series by Wurm et al. (2005) only 
one case of surgically found DVA was missed by the preoper¬ 
ative MRI assessment leading the sensitivity of this technique 
to 93.3%. 

Venous angiomas are angiographically demonstrated venous 
anomalies with a caput medusae-like appearance; however, angio¬ 
graphically occult venous angiomas have been described by Abe 
etal. (2003), who have suggested a distinction between these two 
types of angiomas. They found angiographically occult venous 
angiomas to contain compactly arranged venous channels with 
no smooth muscle layer and angiographically detectable DVAs to 
be composed of dilated thin-walled vessels diffusely distributed in 
the normal white matter. They also reported that, when associated 
with CMs, surgical resection of the latter form, namely DVAs, was 
associated with venous infarction, whereas the former one could 
be resected safely (Abe etal., 2003). 

Isolated DVAs are usually benign, and most remain clinically 
silent. Recent clinical studies on the natural history of cerebral 
venous malformations support the indolent course of these lesions 
with an estimated annual symptomatic bleeding risk of 0.22% 
(Garner etal., 1991) andO.34% (McLaughlin etal., 1998). Rigamonti 
etal. (1990) reported two hemorrhage episodes among 30 patients 
harboring DVAs, but the coexistence of a CM was pathologically 
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Table 29.4 Bleeding risk in CM patients 


Previous vs. 

nonprevious 

hemorrhage 

Type (annual 


Authors 

No. of 

pts 

No. of 

CMs 

Age 

Sex 

Clinical pre¬ 
sentation 

Size of 

lesion 

of 

lesion 

No. of 

lesions 

Location 

bleeding 

rates) 

Del Curling etal., 

32 

76 

Nc 

Ns 

Nc 

Nc 

Nc 

Nc 

Ns 

Nc 

1991 

Robinson etal., 1991 

66 

76 

Ns 

Females 

Nc 

Ns 

Nc 

Nc 

Ns 

Nc 

Zabramskief al., 

31 

128* 

Younger pts 

Nc 

Nc 

Nc 

Nc 

Nc 

Nc 

Nc 

1994 

Aiba etal., 1995 

110 

Nc 

Younger pts 

Females 

Nc 

Nc 

Nc 

Ns 

Ns 

22.9% lesion / 

yr vs. 0.39% 
pt/yr 

Kondziolka etal., 

1995 

122 

Nc 

Ns 

Ns 

Nc 

Nc 

Nc 

Nc 

Ns 

4.5% vs. 0.6% 

pt/yr 

KimefaZ., 1997 

62 

108 

Nc 

Nc 

Nc 

Nc 

tub* 

Nc 

Nc 

Nc 

Porter etal., 1997 

173 

Nc 

Nc 

Ns 

Focal deficit 

+ hemor¬ 
rhage 

Nc 

Nc 

Ns 

Deep 

lesions 

(10.6% 

vs. 0% pt 

/ yr) 

Ns 

Moriarity etal., 1999 

68 

>228 

Nc 

Females 

Nc 

Nc 

Nc 

Ns 

Nc 

Ns 

Labauge etal., 2000 

40 

232 

Nc 

Ns 

Nc 

Ns 

I 

Ns 

Infratentorial Nc 

(5.1% vs. 

1.9% 

lesion / 

yr) 

Labauge etal., 2001 

33 

234 

Nc 

Ns 

Nc 

Nc 

II 

Ns 

Nc 

Na 

Brainstem CMs series 

Fritschi et al. , 1994 

139 

Nc 

Ns 

Ns 

Nc 

Nc 

Nc 

Nc 

Nc 

Yes 

Porter etal., 1999 

100 

103 

Nc 

Ns 

Nc 

Nc 

Nc 

Nc 

Nc 

Yes 

Kupersmith etal., 

37 

37 

Younger pts 

Ns 

Ns 

Nc 

Nc 

Na 

Ns 

Ns** 

2001 

Wang etal., 2003 

137 

141 

Nc 

Females 

Nc 

Nc 

Nc 

Nc 

Na 

Yes 


Notes: ns, not significant; na, not applicable; nc, not communicated/indicated/provided. 

* Type 1IIB in the modified classification of Kim et al. (1997) in fact corresponds to type IV of the well-accepted classification ofZabramski etal. (1994). 
** Kupersmith et al. (2001) found no significant difference in the previous hemorrhage group but extralesional bleeding and rebleeding rates were 
significantly different (0.44% vs. 14.2% / les / yr). 


confirmed in two cases, suggesting that aggressive courses of DVAs 
are more likely to be related to an underlying associated occult vas¬ 
cular malformation. 

Several authors suggested that patients with CM-associated DVA 
have a more aggressive course (Abdulrauf, Kaynar, and Awad, 1999; 
AwadefaZ., 1993; Ciricillo etal., 1994; Kamezawaeta/., 2005; Wurm 
etal, 2005). Abdulrauf, Kaynar, andAwad (1999), in a retrospective 
series of 55 patients with CMs, found that 38% of those with an iso¬ 
lated CM presented with hemorrhage, whereas 62% of those with 
an associated DVA bled. Because of the small number of cases, 
the difference between these two groups did not reach signifi¬ 


cance. Wurm etal. (2005) reported a bleeding rate of 93.3% among 
15 patients (mean age 38.7 years) who had CMs associated with a 
DVA. This rate is far higher than that reported in the natural history 
of CMs. These findings strongly support the theory that patients 
with coexistent DVA are more likely to bleed than are those with 
CMs alone. 

Several studies suggest that CMs are active lesions with 
endothelial proliferation and neoangiogenesis responsible for 
their dynamic behavior characterized by growth, regression, 
and de novo formation (Abdulrauf, Kaynar, and Awad, 1999; 
Hashimoto etal., 2000; Kilic etal., 2000; Maiuri etal., 2006; Notelet 
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Figure 29.2 T1 post-contrast MRI appearance of a DVA in the posterior fossa. 


etal., 1997; Sure etal., 2004, 2005; Sure, Butz, Shlegel, etal., 2001; 
Sure, Butz, Siegel, etal. , 2001). The association of different intracra¬ 
nial vascular malformations and the pathological heterogeneity 
within lesions also support the assumption of a common ori¬ 
gin of distinct vascular malformations (Awad et al., 1993; Naff 
et al., 1998; Rigamonti et al., 1990; Wilson, 1992; Wurm et al., 
2005). Although a DVA is a congenital lesion, any associated mal¬ 
formation might be a dynamically acquired anomaly. The alter¬ 
ation in blood flow of venous malformations with hemodynamic 
turbulence, progressive obstruction, venous hypertension, and 
diapedesis of blood cells through leaky capillaries could stim¬ 
ulate angiogenetic factors and so promote the development of 
associated malformations (Bertalanffy etal., 2002; Ciricillo et al., 
1994; Clatterbuck, Elmaci, and Rigamonti, 2001; Little etal., 1990; 
Wilson, 1992; Wurm et al., 2005), with some forms constituting 
transitional forms or precursors of other lesions (Mullan et al., 
1996; Rigamonti et al., 1990). These hypotheses are supported 
by Wurm et al. (2005), who found in 15 patients operated on for 
CMs associated with DVA and in whom the large draining vein 
was left untouched, three recurrent lesions of different histolog¬ 
ical type - three AVMs in two patient and a capillary telangec- 
tasia in one. Altogether, these findings support the concept that 
DVAs are congenital lesions leading to mixed and then differ¬ 
ent intracranial vascular malformations, which can be consid¬ 
ered as a wide continuum of progression of a single pathological 
process. 

The prevailing opinion is that DVAs constitute anomalous 
venous drainage of normal brain tissue. The usual recommen¬ 
dation is to spare DVAs during surgery to avoid venous infarction 
(Abdulrauf, Kaynar, and Awad, 1999; Amin-Hanjani and Ogilvy, 
1999; Awad et al., 1993; Perrini and Lanzino, 2006; Porter et al, 


1999). Postoperative brain swelling and infarction are reported 
after partial or total coagulation of a DVA with a subsequent occa¬ 
sional fatal outcome (Porter et al, 1999; Rigamonti and Spetzler, 
1988). Spontaneous thrombosis of a DVA has been found to be 
associated with a nonhemorrhagic infarction in one report (Konan 
et al., 1999), but sparing of a large draining vein of a DVA during 
surgery can lead to an incomplete resection of the CMs. Porter 
et al. (1999) reported that almost all recurrences in their series 
were due to a voluntarily incomplete resection to preserve the 
DVA. In contrast to Abe et al. (2003), Wurm et al. (2005) proposed 
the coagulation and division of the transcerebral vein of the DVA 
to prevent the recurrence or the de novo appearance of vascular 
malformations and claimed that this method does not necessarily 
result in brain swelling and hemorrhagic infarction. They do not 
recommend this approach for infratentorial DVAs in which dis¬ 
ruption of the draining vein has been more often reported to be 
catastrophic (Porter etal., 1999). They also note that there may be 
patients in whom the DVA is the sole drainage for the surround¬ 
ing brain, but they did not suggest imaging techniques to identify 
them preoperatively. To date, there are no reliable diagnostic cri¬ 
teria that could predict whether the resection of DVAs associated 
with CMs will cause postoperative morbidity, and most authors 
still recommend a conservative surgery regarding the large drain¬ 
ing vein. 

Clinical presentation 

Symptoms related to cerebrovascular malformations can present 
acutely or may have an insidious onset. Presentation is related to 
intrinsic growth, bleeding, thrombosis, or perilesional iron depo¬ 
sitions and perilesional atrophy. Owing to heterogeneity in size, 
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location, and propensity of bleeding, CMs may cause a wide spec¬ 
trum of clinical symptoms, with frequent changes over time such 
as repeated exacerbation of symptoms and alternating periods 
of remission. CMs occasionally simulate multiple sclerosis due 
to fluctuating progressive neurological deficits (Vrethem et al., 
1997) and sometimes also trigeminal neuralgia (Shimpo, 2000). 
The clinical syndromes have been divided into the broad cat¬ 
egories of seizures, focal neurological deficits, and hemorrhage. 
The latter will be discussed in more detail in the section on natural 
history. 

Epileptic seizures constitute the most frequent clinical present¬ 
ing symptom of patients with CMs and occur in 40%-50% of 
patients (DelCurling etal., 1991; Kim etal., 1997; Moriarity, Wetzel, 
Clatterbuck, et al., 1999; Porter et al., 1997; Robinson et al., 1991; 
Zabramski etal., 1994). The estimated risk of a patient developing 
seizures is reported to range from 1.5% to 4.8% patient-years in 
different series (Kondziolka, Lunsford, and Kestle, 1995; Moriarity, 
Wetzel, Clatterbuck, etal., 1999; Robinson etal., 1991). The overall 
incidence of epilepsy in patients with cerebral CMs varies between 
35% and 70% of symptomatic lesions and is associated with recur¬ 
rent seizures that are drug-resistant in 40% of patients (Ryvlin etal., 

1995) . According to Cohen etal. (1995), 41%-59% of symptomatic 
CMs will eventually present with seizures. About 4% of refractory 
partial epilepsies are thought to be symptomatic of a CM. 

Awad and Robinson (1993) found seizure frequencies of 
50%-70% in CMs, 20%-40% in AVMs, and 10%-30% in gliomas. 
The mechanism of epilepsy generation by CMs has not been elu¬ 
cidated. The deposition of hemoglobin breakdown products may 
result in abnormal presence of intracellular iron salts that are 
proven potent epileptogenic agents when applied on a rat cor¬ 
tex (Ryvlin et al., 1995; Steiger et al., 1987; Willmore et al., 1978). 
Other theories including glutamate uptake by astrocytes in the 
perilesional parenchyma (Wagner et al., 1998) and elevated ser¬ 
ine and glycine levels in the peripheral zones of CMs (von Essen 
etal., 1996). 

Excision of the lesions improves seizure control in most patients 
(Awad and Robinson, 1993). Moran et al. (1999) concluded from 
a systematic review of the literature that outcome was poorer in 
cases with longer duration of seizures at the time of surgery. In 
supratentorial lesions, not only the malformation itself but also the 
surrounding hemosiderin-loaded gliotic rim should be removed 
to avoid the recurrence of seizures, but some authors perform¬ 
ing only mesionectomy have reported good results (Casazza et al., 

1996) . Awad and Robinson (1993) noted that the visualized lesion 
may not necessarily be responsible for the seizure disorder, and 
therefore sufficient preoperative electroencephalographic evalu¬ 
ation should be performed in order to confirm the responsible 
region. 

While most reports claim good outcomes with surgery (Amin- 
HanjaniandOgilvy, 1999; Bertalanffy etal., 1992,2002; Moran etal., 
1999; Zevgaridis etal., 1996), very few recommend radiosurgery for 
treatment of epilepsy associated with cavernous angiomas (Regis 
etal., 2000; Zhang etal., 2000). Regis etal. (2000), in a retrospective 
study that included 49 patients with CM-related epilepsy, reported 
good seizure control when good electroclinical correlation existed 
between CM location and epileptogenic zone. Others doubt that 


radiosurgery is a valuable therapeutic tool in a large number of 
patients (Goodman, 2000). 

Focal neurological deficits are less frequent and are present 
in 10%-40% of cases in global series, but are more frequent in 
brainstem lesions. They may be transient, progressive, recur¬ 
rent, or fixed (Maraire and Awad, 1995). Headache presentation 
occurs in a range of 6%-52% (Del Curling et al., 1991; Kim et al., 
1997; Kondziolka, Lunsford, and Kestle, 1995; Porter et al., 1997; 
Robinson etal., 1991; Zabramski et al, 1999) but was described in 
up to 65% of patients in a recent series (Moriarity, Wetzel, Clatter¬ 
buck, et al., 1999). Much of the variability relates to the multifac¬ 
torial and subjective nature of headache as well as to differences 
between studies soliciting complaints. 

Thirteen to 56% of CMs present with a clinically symptomatic 
hemorrhage. Incidental detection of CMs represents about 20% 
of the diagnosis pattern ranging from 1.5% to 40% of cases (Aiba 
etal., 1995; Del Curling etal., 1991; Kim ef al., 1997;Labauge etal., 
2000; Moriarity, Wetzel, Clatterbuck, etal., 1999; Porter etal., 1997; 
Robinson etal., 1 99 1 ; Zabramski et al, 1994). CMs are now being 
detected frequently by chance in individuals who undergo MRI 
studies for unrelated problems (Requena et al., 1991; Robinson 
etal., 1991; Sage etal., 1993). 

Brainstem CMs should be considered separately from supraten¬ 
torial lesions. Brainstem CMs account for about 20% of brain CMs. 
Age at clinical presentation and sex distribution do not differ from 
CMs at other locations. Brainstem CMs often present with a sud¬ 
den onset of symptoms and a high neurological deficit rate. In the 
series reported by Fritschi etal. (1994), all 139 patients were symp¬ 
tomatic at diagnosis, 88% presented with an initial symptomatic 
hemorrhage, and 14 patients who presented in a comatose state 
died from their hemorrhage. Porter et al. (1999 and Kupersmith 
et al. (2001) have reported two other studies of brainstem CMs, 
including 100 and 37 cases, respectively. The patients were symp¬ 
tomatic at diagnosis in 97% (Porter et al., 1999) and 95% (Kuper¬ 
smith et al., 2001), and presented an initial symptomatic hemor¬ 
rhage in 97% (Porter etal., 1999) and73% (Kupersmith etal., 2001), 
respectively. 

Radiology of cavernous angiomas 

Angiography was the first imaging study used to detect cerebrovas¬ 
cular malformations. Several studies showed that CMs produce no 
or little pathological changes on angiography (Lobato et al. , 1988; 
Rigamonti et al., 1987). In the review of Simard et al. (1986), it 
was noted that angiography was performed in 83% of patients, 
and a negative angiogram was found in 27%. Among pathologic 
angiograms, 77% showed only an avascular area, whereas venous 
pooling, capillary blush, or neovascularization was present in 20% 
(Simard etal., 1986). Today, digital subtraction angiography is con¬ 
sidered an unnecessary diagnostic tool in diagnosing CMs. To 
exclude a mixed lesion with arteriovenous shunts or for designing 
the surgical approach, angiography may be quite helpful because 
it shows exactly the venous drainage pattern at the surface of the 
brain. 

CT may be the first diagnostic imaging performed in a patient 
with acute clinical symptoms, and it does show the bony structure 
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Figure 29.3.a. 58-year-old women presenting with two recent syncopal episodes due to a right pontine CM that has recently bled (type I lesion). T1- and 
T2-weighted MRIs show a hemorrhagic lesion in the right pons with central hyperintensity indicating extracellular methemoglobin. A darker rim is evident on 
T2-weighted image reflecting older blood products (hemosiderin). There is very minimal surrounding edema and mass effect. 


of the skull base for posterior fossa and especially brainstem CMs. 
The most sensitive and therefore most important imaging study is 
MRI, with particularly high sensitivity of gradient-echo sequences 
(Labauge etal., 1998,2001) andhigh-resolution blood oxygenation 
level-dependent venography (Lee et al., 1999). Rigamonti et al. 
(1987) were among the first to describe in detail the MRI features of 
CMs. They compared the angiographic, CT, and MRI appearances 
of CMs and showed clearly superior accuracy of MRI. Whereas 
CT showed only 14 lesions in 10 patients, T2WI MRIs showed 27 
distinct lesions (Rigamonti etal., 1987). Others reviewed the MRI 
appearances of CMs (Rapacki etal., 1990; Rigamonti et al., 1991; 
Schefer etal., 1991). 

Zabramski etal. (1994) first divided CMs into four types based on 
pathological correlation and MRI signal characteristics (see Figure 
29.3a). Type I lesions had a hyperintense core on T1WI due to the 
presence of methemoglobin, and so are visualized on CT scans. On 
T2WI, they display a hyper- (methemoglobin) or hypointense (as 
the hematoma ages methemoglobin is rapidly broken down and 
converted to hemosiderin and ferritin) core with a surrounding 
hypointense rim. This type corresponds pathologically with a sub¬ 
acute hemorrhage surrounded by a rim of hemosiderin-stained 
macrophages and gliotic brain tissue. CMs are considered type 
I until the T1WI core sigsnal becomes iso- or hypointense (see 
Figure 29.3a). 

Type II lesions have a reticulated mixed signal intensity core 
on T1WI and a reticulated mixed signal intensity core with a sur¬ 
rounding hypointense rim on T2WI. Pathologically these lesions 
correspond to loculated areas of hemorrhage and thrombosis 
of varying age, surrounding by gliotic and hemosiderin-stained 
brain tissue. In large lesions, calcification may be seen (see 
Figure 29.3b). 


Type III lesions have an iso- or hyopintense signal on T1WI and 
a hypointense signal with a hypointense rim that magnifies the 
size of the lesion on T2WI. With gradient-echo sequences that are 
more sensitive than T2 sequences, the lesions have a hypointense 
signal with greater magnification than T2WI. They correspond to 
chronic resolved hemorrhage, with hemosiderin staining within 
and around the lesion (see Figure 29.3c). Type IV lesions are 
poorly seen or not visualized at all on T1WI and T2WI, and have 
a punctate hypointense signal on gradient-echo sequences. Two 
types of lesions have been pathologically shown in this type IV 
group of lesions - CMs and telangectasies (Rigamonti etal., 1991; 
Zabramski etal., 1994) (see Figure 29.3d). 

Zabramski etal. (1994) reported that signs and symptoms were 
seen almost exclusively in patients with type I and II lesions (“active 
lesions’’). In 15 of their patients with type I and II lesions, 93% 
were symptomatic. Zabramski etal. (1994) reported as did Labauge 
et al. (2001) that de novo lesions considered as clinically silent 
lesions most often had type III or type IV features. 

Owing to the morphologic variability of CMs, a number of other 
lesions have a similar appearance on MRI and they may also have 
similar clinical patterns that mimick CMs. These include hemor¬ 
rhagic neoplasms such as brain metastases, meningiomas, low- 
grade or even high-grade gliomas, inflammatory lesions such as 
cysticercosis and other chronic granulomas, and rare intracranial 
lesions such as lipomas and hamartomas (Steinberg and Marks, 
1993). 

Treatment 

With evolving knowledge of the natural history of CMs, the risks 
of operative intervention should be balanced against the risks 
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Figure 29.3. b. An incidental type II cavernoma diagnosed in a 41-year-old women presenting with migraine.. T1- and T2-weighted MRIs show a reticulated 
(mulberry-like) appearance with mixed signal intensity within the core of a CM in the right frontal lobe (type II lesion). There is prominent T2 dark hemosiderin rim. 
There is no associated edema or mass effect. 


of expectant management. Although microsurgical resection of 
symptomatic CMs is well established (Maraire and Awad, 1995; 
Mathiesen et al, 2003; Porter et al, 1999; Tung et al., 1990) con¬ 
troversy remains regarding surgical treatment of CMs in eloquent 
locations. Stereotactic radiosurgery has been shown to obliterate 
cerebral AVMs with a high success rate and a low morbidity rate 
(Lunsford et al., 1991; Steiner et al., 1992). Following this experi¬ 
ence with AVMs, radiosurgery has also been used to treat CMs, but 
its efficacy remains in doubt (Amin-Hanjani et al., 1998; Chang 
etal., 1998; Karlsson etal., 1998; Kondziolka, Lunsford, Flickinger, 
etal. 1995; Regis etal., 2000). 

Conservative management 

Patients with an established diagnosis of cerebral CM who present 
without gross hemorrhage, seizures, or other specific symptoms 
are candidates for clinical observation and repeated imaging. Non¬ 
operative management should be considered in patients with mul¬ 
tiple asymptomatic lesions, purely incidental lesions, or solitary 
type III lesion located deeply (basal ganglia, thalamus, insula, and 
brainstem) or within high-function areas (central sulcus) (Maraire 
and Awad, 1995). Medical treatment is indicated in patients with 
only epileptic seizures (Bertalanffy el al., 1992; Casazzaefal., 1996; 
Maraire and Awad, 1995; Robinson etal., 1991). The patients man¬ 
aged conservatively should be monitored clinically and radiolog- 
ically with sequential MRI studies. In case of gross hemorrhage, 
neurological deterioration, or change in size, surgery should be 
reconsidered. 

Surgery for supratentorial CMs 

Several surgical series and numerous case series report the out¬ 
comes of surgical treatment for CMs with varying but generally 


good results (Acciarri et al, 1993; Giombini and Morello, 1978; 
Scott et al, 1992; Tagle et al., 1986; Vaquero, Leunda, Martinez, 
etal., 1983)., Estimates of surgical risk are often derived from small 
series and case reports, the latter of which are especially subject to 
bias selection. Such estimates may not reflect the risk associated 
with the full range of operable lesions and may lack the conformity 
of data gathered from a single institution. 

Indications and patient selection for surgery 

Because the indication for surgery depends to a great extent 
upon the surgical accessibility and resectability of the lesion, 
preoperative diagnostic imaging plays a major role in decision¬ 
making. Patient selection and indications for surgery have grad¬ 
ually changed over time. During the 1980s, there was consensus 
among authors that the majority of readily accessible supratento¬ 
rial CMs that caused medically intractable epilepsy, recurrent overt 
hemorrhage, and severe focal or progressive neurological deficit 
should be resected (Bertalanffy etal, 1992; Giombini and Morello, 
1978; Pozzati eL al., 1981; Simard eL al., 1986). Now, considering the 
high cumulative risk of bleeding, there is a tendency to extend the 
indication for surgery to young patients with mild or nondisabling 
symptoms harboring solitary type I or II CM and particularly in 
childbearing-age women before pregnancy (Amin-Hanjani et al., 
1998; Chaskis and Brotchi, 1998; Maraire and Awad, 1995). 

In patients who have multiple lesions, there is a consensus 
that only symptomatic lesions are considered for surgery (Amin- 
Hanjani etal., 1998; Chaskis and Brotchi, 1998; Maraire and Awad, 
1995). More problematic are lesions located either within cortical 
or subcortical eloquent areas and within other functionally impor¬ 
tant regions such as the basal ganglia and thalamus (Amin-Hanjani 
et al., 1998; Duffau et al., 1997; Mehdorn et al., 1998; Steinberg 
et al., 2000) or those located within the third ventricle, the 
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Figure 29.3. c. A 24-year-old woman who had one episode of headache, difficulty walking, nausea, and vomiting due to cerebellar hemorrhage 2 months ago. 
Follow-up MRI shows a CM in the left middle cerebellar peduncle that is inconspicuous on T1WI image (isointense to adjacent parenchyma) with mild T2 hyperintense 
core and T2 dark rim (pattern of type III lesion). This lesion is exaggerated on the T2WI (susceptibility-weighted) gradient echo image with a "blooming" artifact. 



Figure 29.3. d. A 30-year-old woman with right hand and shooting right leg pain, weakness, and bladder dysfunction. T2WI gradient echo image shows an 
ill-defined hypointense lesion in the right pons, and this lesion demonstrates faint, brush-like enhancement, without associated mass effect or edema. It is not 
visualized in any other sequences. This is a characteristic pattern of a capillary telangiectasia or a type IV lesion. 
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corpus callosum, the cingulate gyrus, the paraventricular and 
paratrigonal regions, or the deep temporal area (Shah and Heros, 
1993). However, these reports showed that lesions within all such 
locations can be removed safely and with acceptable morbidity. 

Surgical management 

The following factors play an important role in the timing of 
surgery: the presence or absence of hemorrhage, the presence 
or absence of intractable seizures, the acuteness and the mass 
effect of hemorrhage, the patient’s clinical condition, and the refer¬ 
ral pattern. Owing to considerable variability in these factors, no 
unanimous recommendations exist, and each clinical scenario 
requires a distinct management approach (Maraire and Awad, 
1995). 

The surgical technique includes precise preoperative planning 
especially for CMs located in critical areas, based on neuroimag¬ 
ing and technical adjuncts such as frameless stereotactic guidance, 
intraoperative ultrasonography, integrated neuronavigation with 
functional MRI, and/or electrophysiological monitoring (Duffau 
etal., 1997). Shah and Heros (1993) described the various surgical 
approaches used for exposing superficial or deep-seated supra¬ 
tentorial cavernomas. Criteria for assessing surgical outcome are 
the completeness of lesion removal, the presence of transient or 
permanent neurological morbidity, and control of seizures. Treat¬ 
ment results must also be judged against the known or assumed 
natural history of the disease (Maraire and Awad, 1995). Excel¬ 
lent surgical results have been achieved in superficial lesions of 
both eloquent and non-eloquent areas and in many patients with 
lesions in critical locations such as the basal ganglia and thala¬ 
mus. Surgery improves the control of seizure with 50%-90% post¬ 
operative seizure-free patients without anticonvulsivant therapy 
(Awad and Jabbour, 2006; Del Curling et al, 1991; Giombini and 
Morello, 1978; Robinson etal., 1991). Well-recognized predictive 
factors of postoperative poor outcome in patients with associ¬ 
ated epilepsy are the duration of symptoms, particularly when 
seizures have been present for more than 12 months (Yeh et al, 
1993), the number of seizures particularly if more than five, the 
age at onset of epilepsy, the lower the age the higher the risk, 
and the sex - women have more risk of postoperative seizures. In 
those patients, additional excision of the epileptogenic surround¬ 
ing brain should be considered in order to control intractable 
epilepsy. 

Surgery for brainstem CMs 

The surgery of brainstem CMs remains debatable. Brainstem CMs 
represent a formidable surgical treatment challenge because of 
their location within parenchyma responsible for critical neuro¬ 
logical function, rendering them much more difficult to remove 
without significant morbidity than in other locations. Advances 
in microsurgical techniques, preoperative neuroimaging plan¬ 
ning, and the use of technical adjuncts have enabled the suc¬ 
cessful extirpation of deep-seated and brainstem lesions (Fritschi 
etal., 1994; Ojemann etal., 1993; Ojemann andOgilvy, 1999; Sakai 
et al., 1991; Symon et al., 1991; Zimmerman et al., 1991). In 
experienced hands, the surgical resection of brainstem CMs is 


feasible with a low morbidity. Some authors advocate conservative 
expectation, according to the natural history of the malformation 
(Esposito et al., 2003; Kupersmith et al., 2001). However, there is 
evidence that the hemorrhage rate of brainstem cavernomas is up 
to 30 times greater than at other brain locations (Boecher-Schwarz 
et al., 1996; Del Curling et al., 1991; Fritschi et al., 1994; Kondzi- 
olka, Lunsford, Flickinger, et al., 1995; Porter et al., 1997; Robin¬ 
son et al., 1991; Zabramski et al., 1994). Owing to anatomical 
reasons, hemorrhage within the brainstem is more likely to pro¬ 
duce severe neurological deficits than cavernomas in other loca¬ 
tions (Fritschief al., 1994; Kondziolka, Lunsford, andKestle, 1995). 
Finally, patients who have a brainstem CM that has already bled 
are more likely to have repeated hemorrhages than are patients 
with malformations in other locations (Aiba et al., 1995; Fritschi 
et al., 1994; Kondziolka, Lunsford, and Kestle, 1995; Mizoi et al., 
1992; Porter et al., 1997). For these reasons, surgical resection 
remains an important therapeutic option in the management of 
brainstem CMs. 

Patient selection and indications for surgery 

Surgical indications must be guided by the natural history of the 
pathology and results of treatment applied. Considering the high 
incidence of permanent morbidity associated with resection of 
brainstem cavernomas and the lack of large-scale data concern¬ 
ing the natural history of this subgroup of lesions, it remains 
problematic to define generally accepted and established criteria 
for patient selection and surgery in patients harboring brainstem 
CMs. 

Surgical exposure of intrinsic brainstem lesions that do not reach 
the ventricular or pial surface of the brainstem may result in unac¬ 
ceptable neurological consequences and is therefore not recom¬ 
mended (Steinberg et al., 2000). For lesions in the floor of the 
fourth ventricle, surgical indications are usually limited to exo¬ 
phytic lesions. Porter et al. (1999) recommended that surgery of 
intrinsic pontine lesions located in the paramedian floor of the 
fourth ventricle should be only undertaken for actively deteri¬ 
orating patients. Only patients who had clinically symptomatic 
hemorrhaging with neurological symptoms are considered good 
candidates for surgical therapy. Surgery is generally not recom¬ 
mended if the patient comes for consultation several months 
after normalization of the neurological examination, even after 
multiple episodes of bleeding, because the risk of postoperative 
worsening equals the risk of neurological impairment if the CMs 
rebleed (Bruneau et al., 2006). The incidental finding of a brain¬ 
stem CM is not an indication for surgery. Some authors state that 
they would operate only on patients who have had at least two 
bleeding episodes (Batjer, 1998; Solomon, 2000). Bricolo (2000) 
mentioned operating also on asymptomatic patients with brain¬ 
stem cavernomas. The outcome of surgery depends not only on 
clinical and morphological features in a specific patient harbor¬ 
ing a brainstem CM, but also on the operative judgement of the 
neurosurgeon, who basically relies on his experience and surgical 
skill. Because the latter criterion cannot be quantified, the debate 
about the threshold for surgical intervention will continue in the 
future. 
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Surgical management 

Together with establishing the indication for surgery, the goals of 
the surgical procedure must be clearly defined as well. The main 
goals of surgery are clearly summarized by Porter et al. (1999): 1) 
To prevent rebleeding, which implies total removal of the lesion; 
2) to minimize damage to the surrounding normal brainstem 
parenchyma, which implies designing a special and individually 
tailored approach in each patient; and 3) to preserve an associated 
venous anomaly. 

The appropriate timing for surgery is also debated. Fahlbusch 
and colleagues (Fahlbusch and Strauss, 1991; Fahlbusch et al., 
1990, 1991) suggested waiting 4-6 weeks after the hemorrhagic 
event; during this time period the patient’s condition usually 
stabilizes, the hematoma becomes organized, and there is less 
reactive gliosis. Others wait more than 7 weeks (Sindou et al., 
2000). However most authors advocate early surgery in brain¬ 
stem CMs within 1 month after bleeding (Bruneau et al., 2006). 
They claim that the hematoma creates the surgical approach 
and that removal of the fresh clot after extralesional hemor¬ 
rhage or removal of a larger cavernoma after intralesional hem¬ 
orrhage releases the mass effect on brainstem nuclei and tracts 
and thus improves the neurological condition. They also note 
that when hematoma organizes over time, fibroses, and is sur¬ 
rounded by glial scarring and calcifications, the well-demarcated 
dissection plane may be compromised and surgical resection 
becomes more difficult (Fahlbusch ef al., 1990; Ferroli eL al., 2005, 
2006; Mathiesen et al., 2003; Steinberg et al., 2000; Wang et al., 
2003). 

In the largest study, Wang et al. (2003) advocated early surgery 
and operated after 1 or 2 weeks of corticosteroid administration 
with good results. Mathiesen etal. (2003) favor early surgery based 
on a study of cavernomas located within the thalamus, basal gan¬ 
glia, and brainstem. When comparing patients operated on within 
1 month after the last ictus with those operated on later, they 
observed a statistically significant risk of transient neurological 
deterioration when operated on later, an immediate improve¬ 
ment only after early surgery, and permanent deficits only after 
late surgery. Samii et al. (2001) found no differences in the final 
outcome when patients had surgery within 3 months posthemor¬ 
rhage or later, even though they observed fewer motor deficits in 
patients operated on earlier. 

Until the end of the 1980s, very few neurosurgeons dared to 
operate within the brainstem. With the increasing number of pub¬ 
lished reports describing surgical removal of intrinsic brainstem 
lesions, the necessity of defining “safe entry zones” to the brain¬ 
stem became obvious. Kyoshima and coworkers first addressed 
this issue systematically describing two “safe entry zones” into 
the brainstem through a suboccipital approach via the floor of the 
fourth ventricle, namely the “suprafacial and infracial triangles” 
(Kyoshima et al., 1993). However, Strauss et al. (1997) noted one 
shortcoming of the Kyoshima et al. (1993) work: that they strictly 
relied upon external landmarks. Considering the anatomical 
variability of these landmarks, Strauss et al. (1997) performed 
a morphometric investigation of the rhomboid fossa. They also 
emphasized the importance of identifying distorted or displaced 
superficial anatomical structures by direct electrical stimulation 


and thus described what they consider “safe surgical corridors” 
(Strauss etal., 1997). 

Manyauthors suggest a paramedian (supracollicularorinfracol- 
licular) incision of the rhomboid fossa in order to avoid damage 
to the longitudinal fascicle (Boecher-Schwarz etal., 1996; Cantore 
etal., 1999; Fahlbusch etal., 1990; Kyoshima etal., 1993; Steinberg 
et al., 2000); others advocate a midline incision to spare the dor¬ 
sal or dorsolateral vascular supply of the pontomedullary region 
(Bouillot et al., 1996; Konovalov et al., 2000; Symon et al., 1991). 
Some less frequent reports discuss incision of the brainstem at 
other locations (Bouillot etal., 1996; Konovalov et al., 2000; Porter 
etal., 1999; Symon etal., 1991; Zimmerman etal., 1991). 

Definition of safe entry zones to the brainstem is important only 
in those few cases in which the brainstem surface is apparently 
healthy with no bulging and no discoloration, so that the lesion 
cannot be seen directly (Lewis and Tew, 1994). When there is an 
evident dark blue area corresponding to the bulging hematoma, 
the entry zone depends on this exact site because no or little 
parenchyma covers the lesion (Cantore et al., 1999; Sindou et al., 
2000 ). 

Results of surgery in brainstem CMs in terms of clinical outcome 
are usually good when operated on by experienced teams (Fritschi 
et al., 1994; Porter et al., 1999; Wang et al., 2003) (Table 29.5). 
Fritschi etal. (1994) reviewed prior reports and noted that 84% of 
patients recovered completely with no or minimal disability after 
surgery. In the largest series published to date, Wang et al. (2003) 
observed that 89.2% of patients returned to work, and Porter etal. 
(1999) reported that 87% of the patients were the same or better 
at the last follow-up review. The results achieved in brainstem CM 
surgery improve with increasing experience and with increasing 
neuroimaging and dissection techniques (Bertalanffy et al. , 2002). 

The morbidity observed in a significant number of patients 
postoperatively is caused by manipulation or edema of criti¬ 
cal brainstem parenchyma, and this includes various degrees of 
internuclear ophthalmoplegia, worsening of hemiparesis, facial 
or abducens paresis, gaze palsy, facial, truncal, and/or extremity 
numbness, dysphagia, dysarthria, gait ataxia, etc. A high mortal¬ 
ity rate was reported in the largest series comprising 86 surgically 
treated patients (Porter etal, 1999), but others have also reported 
fatal outcome after surgery for brainstem cavernomas (Bouillot 
et al., 1996; Cantore et al., 1999; Pechstein et al., 1997; Zimmer¬ 
man etal., 1991). 

Radiosurgery of CMs 

Radiosurgical treatment of CMs remains controversial. Consid¬ 
ering the high surgical risk in patients with deep-seated caver¬ 
nomas, radiosurgery was introduced as a reasonable alternative in 
analogy to the successful radiosurgical treatment of AVMs. How¬ 
ever, controversial results have been obtained in reported series. A 
latency interval of a minimum 2 or 3 years is commonly accepted 
to appreciate the results of radiosurgery in AVMs (Amin-Hanjanief 
al., 1998; Kondziolka, Lunsford, Flickinger, etal., 1995). The main 
goal of radiosurgical treatment should be a significant reduction in 
bleeding risk, especially after a latency period of 2 years. Whether 
the same effect obtained in AVM can be achieved also in low-flow 
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Table 29.5 Brainstem CMs treated surgically literature review 







Authors 

No. of 

pts 

Preoperative 

bleed¬ 
ing Gross total 

rate removal 

Clinical outcome 

Transient 

neurologi¬ 

cal 

impair¬ 

ment 

Permanent 

neurologi¬ 

cal 

impair¬ 

ment 

Recurrence 

Recurrent 

bleeding 

Mortality 

Mean FU 

(months) 

Fritschi 

etal., 1994 

93 

4.3% 82.5% 

Total recovery 40% 

Min. disabled 

44% Mod. 

disabled 15% 

Sev. disabled 1% 



2% 

2% 

0% 

30.3 

Porter etal., 

1999 

86 

5% 99% 

Improved or 
unchanged 88% 

Worsened 12% 

35% 

10% 

2.4% 

0% 

3.5% 

35 

Samii et al., 

2001 

36 

4.7% 100% 

No to min. 

disabled 65% 

Mod. disabled 

21% Sev. 

disabled 14% 

NewCN 

47% 

NewSM 

deficit 

42% 


0% 

0% 

0% 

21.5 

Wang et al., 

2003 

137 

6.3% 96% 

Improved or 
unchanged 72% 

Worsened 28% 

27.7% 



2.3% 

0% 

52 

Mathiesen 

etal., 2003 

29 

86% 

Improved 80% 
Unchanged or 

worsened 20% 

69% 

20% 


14% 

0% 

54 

Ferroli etal., 

2005 

52 

3.8% 100% 

Improved or 
unchanged 81% 

Worsened 19% 

56% 

19% 


0% 

1.9% 

51 

Bruneau 

etal., 2006 

22 

2.68% 86.4% 

Improved 90.8% 

Worsened 4.6% 

Lost of 

follow-up 4.6% 

39% 

8.6% 


4.5% 

4.5% 

50 


Notes: FU, follow-up; CN, cranial nerve; SM, sensorimotor. 


malformations, such as CMs, has still to be proven. In contrast to 
AVMs, no imaging test exists to confirm obliteration of the lesion, 
and an obvious end point in evaluating the treatment results does 
not exist (Karlsson ef al ., 1998). The only way of assessing the effi¬ 
cacy of the treatment is clinical observation of hemorrhage rates 
before and after treatment (Mitchell ef al., 2000). Close clinical 
follow-up and absence of new episodes of bleeding is an indica¬ 
tion but not a confirmation of the absence of residual hemorrhagic 
risk (Chaskis and Brotchi, 1998). Among the most important issues 
related to the radiosurgical treatment of CMs is the question of 
whether radiosurgery has any important effect on these lesions 
compared with their natural history and provides sufficient pro¬ 
tection from recurrent and clinically significant hemorrhage. 

Gamma-knife treatment may have a greater risk of morbidity 
compared with AVM radiosurgery even when correcting for lesion 
size and location (Amin-Hanjani et al., 1998; Karlsson ef al., 1998; 
Pollock ef al., 2000) (Table 29.6). A high incidence of neurological 
sequelae caused either by radiation necrosis or by post-treatment 
hemorrhage and fatalities have been reported (Amin-Hanjani 


etal., 1998; Chang etal, 1998).Unlike forpatients with deepAVMs, 
microsurgical resection can be performed safely for some patients 
with deep CMs (Porter etal., 1999; Steinberg etal., 2000). Surgical 
excision with modern neurosurgical techniques not only prevents 
future bleeding but also has acceptable morbidity. Only patients 
with repeated bleeding episodes due to a CM in a location that 
precludes surgery without prohibitive risk and patients with poor 
clinical condition that contraindicates surgery should be consid¬ 
ered for radiosurgery. 

Conclusions 

CMs are more common than previously appreciated and are found 
without symptoms in a significant number of patients. Familial 
cases have been recognized to constitute 30%-50% of cases (Mori- 
arity, Clatterbuck, and Rigamonti, 1999). Familial CMs are trans¬ 
mitted as an autosomal dominant trait with incomplete clinical 
and radiological penetrance and have intrafamilial and interfamil- 
ial variability. By genetic linkage analyses, three cerebral CM loci 
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have been assigned to chromosome 7p, 7q, and 3q. They account 
for all familial forms of CM, thus constituting a formidable 
mendelian model of stroke (Craig et al., 1998). The three genes 
corresponding to each loci have been identified (Bergametti etal., 
2005). There is growing evidence that these lesions (sporadic or 
familial) are dynamic and change with time. This is supported by 
recognition of de novo lesions and by many biological studies on 
the proliferative and angiogenic potential of CMs (Denier et al., 
2006; Maiuri etal, 2006). 

The bleeding rates of CMs are lower than previously reported 
and likely lie between the lowest retrospective rates (0.25%-2.3%) 
(Del Curling etal., 1991; Kim etal., 1997) and the highest prospec¬ 
tive rates (0.8%-16.5%) (Aiba et al., 1995; Kondziolka, Lunsford, 
and Kestle, 1995; Labauge et al., 2000,2001; Moriarity, Wetzel, Clat- 
terbuck, etal., 1999; Robinson etal., 1991; Zabramski etal., 1994). 
Although histologically identical, CMs located in different parts 
of the CNS have different natural histories. The outcome of these 
patients depends on the location of the lesion and the history 
of prior hemorrhage. These facts make an understanding of the 
regional behavior of CMs essential in making wise management 
decisions. 
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CEREBROVASCULAR MANIFESTATIONS 
OF NEUROFIBROMATOSIS 

Krassen Nedeltchev and Heinrich P. Mattie 


General considerations 

Neurofibromatosis (NF) is an autosomal dominant disorder 
encompassing a broad spectrum of distinct genetic defects with 
overlapping clinical features. Neurofibromatosis type 1 (NF1, for¬ 
merly known as von Recklinghausen’s disease or peripheral NF) 
and neurofibromatosis type2 (NF2, also known as bilateral acoustic 
or central NF) are best distinguished because each has distinctive 
clinical features and genetic origins on different chromosomes. 

NF1 is caused by a mutation on chromosome 17qll.2, the 
gene product being neurofibromin (a guanosine triphosphatase 
[GTPase]-activating enzyme). Cafe-au-lait spots, peripheral neu¬ 
rofibromas, and Lisch nodules are the clinical manifestations 
of NF1 that most consistently occur in the majority of affected 
patients. NF2 is caused by a mutation on chromosome 22ql2.2. 
The gene product called merlin is a cytoskeletal protein. NF2 is 
characterized by multiple intracranial tumors, especially vestibu¬ 
lar schwannomas and meningiomas. Recently, a third form called 
schwannomatosis has been recognized. Multiple schwannomas 
(rather than neurofibromas) occur, and the vestibular nerve is 
spared. Six other, extremely rare, forms are also recognized (Allan- 
son et al., 1985; Ars et al., 1998; Griffiths et al., 1983; Hashemian, 
1952; Rodriguez and Berthrong, 1966). 

Occlusive and aneurysmal lesions in thymic and renal arteries 
of a patient with NF1 were first described in an autopsy study by 
Reubi (1944). Cerebrovascular manifestations are not rare in NF1. 
Recently, there have been two case reports on vascular patholo¬ 
gies in NF2 (Lesley et al., 2004; Ryan et al., 2005). To date, vascular 
manifestations of other types of NF have not been reported. There¬ 
fore, the following synopsis focuses on the main genetic, clinical, 
pathological, and radiological features of NF1. 

Epidemiology 

NFl constitutes 90% of all types of neurofibromatoses with an 
incidence of 1 in 3000-4000 live births (Huson et al., 1989). This 
makes it the most common phakomatosis (i.e. neurocutaneous 
syndrome). Population prevalence has predominantly been deter¬ 
mined in Caucasian populations, but patients from all ethnic and 
racial groups have been reported in the literature. 

Hereditability and genetics 

All major surveys confirm an autosomal dominant mode of inher¬ 
itance, which means that only one copy of the mutated gene needs 


to be inherited to pass NFl to the next generation. Approximately 
half of the patients are the first affected persons in their fami¬ 
lies. In these cases, somatic mutations occur due to miscopying 
events during cell division with clonal expansion of the mutated 
viable cells. Mutations occuring very early in the embryogenesis 
(i.e. before tissue differentiation) are more generalized than are 
those taking place at a later stage (Hall, 2000). 

The NFl gene has one of the highest new mutation rates in 
humans (Viskochil, 1998). Accordingly, it was speculated that a 
significant proportion of patients with NFl who have that somatic 
mutation in which the gonad is spared are rare (Littler and Morton, 
1990). Nevertheless, localized or segmental NFl is not uncom¬ 
mon, suggesting that somatic mutations can occur at all stages of 
embryogenesis. The diagnosis of a somatic mosaicism has impli¬ 
cations for genetic counseling, as the risk to offspring may be lower 
than 50%. 

The gene locus for NFl is on chromosome 17 and codes for 
neurofibromin, a polypeptide of2818 amino acids. Neurofibromin 
is expressed in neurons, oligodendrocytes, Schwann cells, the 
adrenal medulla, and white blood cells (Daston et al., 1992). The 
NFl gene is considered to be a tumor suppressor gene, because 
loss-of-function mutations have been associated with the occur¬ 
rence of benign and malignant tumors in neural crest-derived tis¬ 
sues in patients with NFl (Coleman et al., 1995). Sequence anal¬ 
ysis of the full-length NFl gene revealed a portion that codes for 
a 360-amino-acid peptide with structural and functional similar¬ 
ities to some GTPase-activating proteins (Xu et al., 1990). These 
proteins have the ability to stimulate cell proliferation or differen¬ 
tiation. The large size of the entire gene product in relation to the 
small portion conferring GTPase-activating activity suggests that 
other domains may have entirely different and, as yet, unknown 
functions (Marchuk and Collins, 1994). Recent studies have shown 
neurofibromin to positively regulate intracellular cyclic adeno¬ 
sine monophosphate (cAMP) in mammalian neurons (Tong etal., 
2002). Mutations in different regions of the NF 1 gene and environ¬ 
mental factors could further contribute to the variability of disease 
expression. 

Pathological findings 

Reubi (1944) originally described two main types of vascular 
lesions in the thymic and renal arteries of a patient with NFl: an 
occlusive intimal form affecting small arteries and an aneurys¬ 
mal form with replacement of the muscular wall with fibrohya- 
line thickening in arterioles of 0.1-1 mm. Salyer and Salyer (1974) 
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found peculiar arterial lesions in 7 of 18 autopsy cases of NF at 
the Johns Hopkins Hospital. They proposed that the pathogenesis 
of the arterial lesions was proliferation of Schwann cells within 
arteries with secondary degenerative changes, e.g. fibrosis, result¬ 
ing in lesions with various appearances. Further cases of “vascular 
neurofibromatosis” affected the abdominal aorta (Stanley and Fry, 
1981), the mesenteric arteries (Zochodne, 1984), or visceral and 
muscle arteries, or presented with multiple arterial aneurysms and 
venous thrombosis (LehrnbechereraZ., 1994).TomsickeZaZ. (1976) 
described two patients with intracranial occlusive arterial disor¬ 
der. Overall, there is a great variation of number, type, and severity 
of the vascular disorders in NF1. Vascular anomalies may involve 
extra- or intracranial arteries (Hoffmann etal., 1998; Sasaki etal., 
1995). Occlusive arterial disorders or aneurysms may be present in 
the carotid or vertebral arteries, quite often combined with arte¬ 
riovenous fistulae (Schievink and Piepgras, 1991). 

The pathogenesis of the vascular lesions is controversial. In the 
patient reported by Lehrnbecher et al. (1994) the proliferating 
cells seemed to have originated from myoblasts or myofibro¬ 
blasts and not, as has been speculated, from Schwann cells. Hamil¬ 
ton and Friedman (2000) suggested that NF1 might result from 
an alteration of neurofibromin function in blood vessel endothe¬ 
lial and smooth muscle cells. Riccardi (2000) supported the view 
that endothelial injury and its repair may also play a role in NF1 
vasculopathy. 


Clinical vascular manifestations 

The cerebrovascular manifestations of NF1 include cerebral 
ischemia, intracranial hematoma, and subarachnoidal hemor¬ 
rhage. Stroke can occur at any age, but more than half of the 
reported cases were children or young adults. Familial occur¬ 
rence of arterial occlusive disease is uncommon (Erickson et al, 
1980). Both first-ever and recurrent strokes have been reported. 
Recurrent strokes can occur in the same or in different territories. 
Every large or medium-sized artery can be affected, and some 
patients have multiple stenoses of intracranial vessels combined 
with stenoses or occlusion of extracranial vessels (Gebarski etal., 
1983; Pellock etal., 1980). Hemispheric territorial infarction is the 
most common stroke manifestation (de Kersaint-Gilly etal., 1980; 
GillyeZaZ., 1982; Levisohn etal., 1978; Pellock etal., 1980). Lacunar 
strokes are less frequent (CreangeefaZ., 1999). Ocular involvement 
may present with retinal ischemia (Tholen et al, 1998) or global 
ocular ischemia (Barral and Summers, 1996). 

A classical manifestation is laterocervical hematoma as a result 
of an aneurysm of the vertebral artery or another neck artery. 
A large vertebral aneurysm may present with a brachial plexus 
lesion or even medullary compression with para- or tetraparesis. 
Intracranial aneurysms may be saccular or fusiform. The circle 
of Willis is the most common location, but also more distal ves¬ 
sels such as the posterior choroid artery may be affected (Leone 
et al., 1982). Intracranial aneurysms commonly present as sub¬ 
arachnoid hemorrhage (Bergouignan and Arne, 1951). Fusiform 
aneurysm of the intrapetrosal part of the carotid artery may 
be associated with sphenoid wing dysplasia or cause abducens 
nerve palsy (Steel et al, 1994). It is unclear how much the risk of 




Figure 30.1 Angiogram showing an aneurysmal dilatation and irregular 
narrowing over a long distance of the left vertebral artery in a patient with a 
posterior inferior cerebellar artery (PICA) infarction in the absence of other 
cerebrovascular risk factors. (Courtesy of A. Carruzzo and J. Bogousslavsky.) 
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developing an aneurysm in NF1 is increased and whether screen¬ 
ing of asymptomatic patients is useful. 

Diagnosis 

The radiological findings of NF1 are nonspecific, although in the 
appropriate clinical setting when the index of clinical suspicion 
is high, a fairly confident diagnosis can be made. Angiography 
remains the golden standard for providing information on vascu¬ 
lar aneurysms, occlusions, and arteriovenous fistulae (Figure 30.1). 
Vascular abnormalities of the intra- and extracranial vasculature 
are depicted well with time-of-flight magnetic resonance angiog¬ 
raphy (TOF-MRA) and contrast-enhanced MRA. Color duplex 
and spectral Doppler ultrasonography are also useful diagnostic 
modalities for revealing the vascular complications of NFL 

Typical findings of occlusive arterial disorder include focal con¬ 
centric stenosis, irregular narrowing over a long distance (resem¬ 
bling fibromuscular dysplasia), and hypoplasia without luminal 
narrowing over a long distance (Leone et al, 1982). In contrast 
to atherosclerotic stenoses, occlusive arterial disease in NF1 does 
not occur at sites of maximal flow turbulence, like the origin of 
vertebral artery or the carotid bifurcation. Vertebral arteries are 
particularly prone to develop arteriovenous fistulae. In this case, 
the fistula can be combined with stenoses and pseudoaneurysmal 
dilatation of the feeding arterial vessel. 

Probably because occlusive disorders progress slowly, exten¬ 
sive collateral pathways may develop. In case of bilateral carotid 
stenoses and/or occlusions, moyamoya-like changes are almost 
invariably found at angiography. In many cases of proximal 
stenoses of intracranial arteries, collateralization from the external 
carotid artery through leptomeningeal anastomoses to the circle 
of Willis can be observed. 

Treatment 

Medical stroke treatment and prevention studies in NF are miss¬ 
ing. Therefore, we would manage stroke in NF similar to stroke of 
atheromatous origin. 

Neurosurgical revascularization in patients with moyamoya 
syndrome has been shown to reduce the risk of first-ever and recur¬ 
rent stroke and transient ischemic attack (TLA) (Scott etal , 2004). 

Surgery or angioplasty can be performed to minimize the natural 
risk of hemorrhage in patients with aneurysms or arteriovenous 
fistulae, especially in those originating from the vertebral artery 
(Negoro et al, 1990; Siddhartha et al. } 2003). In many patients 
who have arteriovenous fistula, endovascular treatment is techni¬ 
cally demanding because of multiple and tortuous feeding arteries 
allowing only partial embolization. In such instances, surgery is 
still necessary after endovascular treatment (Latchaw etal., 1980). 
Because affected vessels are prone to rupture, massive hemor¬ 
rhage is a feared complication of both surgical and endovascular 
treatment. 
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MENKES DISEASE (KINKY HAIR DISEASE) 

John H. Menkes 


This X-linked disorder of copper metabolism was first described 
in 1962 by Menkes and associates (1962). 


Molecular genetics and bochemical pathology 

The characteristic feature of Menkes disease (MD), as expressed 
in the human infant, is a maldistribution of body copper, so that it 
accumulates to abnormal levels in a form or location that renders 
it inaccessible for the synthesis of various copper enzymes (Cox, 
1999; Danks ef al, 1972). The basic gene defect is a mutation in 
ATP7A, a gene mapped to the long arm of the X-chromosome 
(Xql2-ql3) and encoding a highly evolutionarily conserved P-type 
ATP protein (ATP7A) essential for the translocation of metal cations 
across cellular membranes (Moller et al., 1996). At basal copper 
levels ATP7A is localized to the trans-Golgi network, the sorting 
station for proteins exiting from the Golgi apparatus (Andrews, 
2001). ATP7A contains six copper-binding sites, and receives cop¬ 
per ions with assistance of the cytosolic copper chaperone Atoxl 
(Paulsen et al., 2006). ATP7A is involved in the transport of cop¬ 
per to copper-requiring enzymes synthesized within the secre¬ 
tory compartments. At increased intra- and extracellular copper 
concentrations, ATP7A shifts to the cytosolic vesicular compart¬ 
ments and to the plasma membrane, where it mediates copper 
efflux (Cobbold et al., 2003; Goodyer et al., 1999; Paulsen et al., 
2006). 

ATP7A has considerable structural homology with ATP7B, the 
gene whose defect is responsible for Wilson disease, in the 3' two- 
thirds of the gene, but there is much divergence between them in 
the 5' one-third (Harrison and Dameron, 1999) .ATP7A is expressed 
in most tissues, including brain, but not in liver. Numerous muta¬ 
tions have been recognized. These include point mutations and 
deletions, and it appears as if almost every family has its own pri¬ 
vate mutation (Moller et al., 2000). As yet there is no good correla¬ 
tion between the type of mutation and the severity of the clinical 
course. 

As a consequence of the defect inATP7A, copper becomes inac¬ 
cessible for the synthesis of ceruloplasmin, superoxide dismutase, 
and a variety of other copper-containing enzymes, notably ascor¬ 
bic acid oxidase, peptidylglycine alpha-amidating monooxyge¬ 
nase (PAM), cytochrome oxidase, dopamine E-hydroxylase (DBH), 
and lysyl hydroxylase. Most of the clinical manifestations can 
be explained by the low activities of these copper-containing 
enzymes. Patients absorb little or no orally administered copper. 


When the metal is given intravenously, patients develop a prompt 
increase in serum copper and ceruloplasmin (Bucknall ef al., 1973). 
Copper levels are low in liver and brain, but are elevated in several 
other tissues, notably intestinal mucosa, muscle, spleen, and kid¬ 
ney. The copper content of cultured fibroblasts, myotubes, or lym¬ 
phocytes derived from patients with MD is several times greater 
than control cells; however, the kinetics of copper uptake in these 
cells are normal (van den Berg ef al., 1990). 


Pathology 

Because of the defective activity of the various copper-containing 
enzymes, a variety of pathologic changes are set into motion. 
Arteries are tortuous, with irregular lumens and a frayed and split 
intimal lining. In the aorta, the elastin fibers are disrupted, frag¬ 
mented, and are wider than normal (Figure 31.1). Unsulfated and 
sulfated chondroitins are deposited within elastin fibers, whereas 
heparin sulfate, a constituent of normal elastin fibers, is signifi¬ 
cantly reduced (Pasquali-Ronchetti ef al., 1994). These abnormal¬ 
ities reflect a failure in elastin formation and collagen cross-linking 
caused by dysfunction of the key enzyme for this process, copper- 
dependent lysyl hydroxylase. 



Figure 31.1 Section of large artery from patient with MD. Note frayed and split 
internal elastic lamina. 
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Figure 31.2 Cerebellum in MD. Note "weeping willow" formation of cerebellar 
molecular layer (Bodian 500x). (Reproduced with permission of Dr. D. Troost, 
Department of Neuropathology, University of Amsterdam, Amsterdam.) 



Figure 31.3 Cerebellum in MD. Purkinje cell with "Medusa Head" formation 
(Bodian 500x). (Reproduced with permission of Dr. D. Troost, Department of 
Neuropathology, University of Amsterdam, Amsterdam.) 


Changes within the brain result from vascular lesions, copper 
deficiency, or a combination of the two. El Meskini et al. (2007) 
proposed that the inability of mutant ATP7A to support axon out¬ 
growth contributes to neurodegeneration, and that some of the 
abnormalities seen in MD are the result of age-dependent develop¬ 
mental defects. Extensive focal degeneration of gray matter occurs, 
with neuronal loss, gliosis, and an associated axonal degenera¬ 
tion in white matter. Cellular loss is prominent in the cerebellum. 
Here, Purkinje cells are hard hit; many are lost, and others show 
abnormal dendritic arborization (weeping willow) (Figure 31.2) 
and perisomatic processes. Focal axonal swellings are observed 
also (Figure 31.3) (Danks et al., 1972; Menkes et al., 1962). Elec¬ 
tron microscopy often shows a marked increase in the number of 
mitochondria in the perikaryon of Purkinje cells, and to a lesser 
degree in the neurons of the cerebral cortex and basal ganglia 
(Menkes et al., 1962). Mitochondria are enlarged, and intramito- 


chondrial electron-dense bodies are present. The pathogenesis of 
these changes is controversial. 


Clinical manifestations 

MD is a rare disorder; its frequency has been estimated at 1 
in 114000 to 1 in 250000 live births (Tonnesen et al., 1991). 



Figure 31.4 A. Typical facies of one of the original infants with MD (kinky hair 
disease). B. Sparse and poorly pigmented hair in a patient with MD. 
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Figure 31.5 Microscopic images of scalp hair in MD. Note the characteristic 
"corkscrew" twisting of pili torti. 


Baerlocher and Nadal (1988) provided a comprehensive review 
of the clinical features. In the classic form of the illness, symptoms 
appear during the neonatal period. Babies show hypothermia, 
poor feeding, and impaired weight gain. Seizures soon become 
apparent. Marked hypotonia, poor head control, and progressive 
deterioration of all neurologic functions are seen. The face has a 
cherubic appearance with a depressed nasal bridge and reduced 
facial movements (Figure 31.4, A and B) (Grover etal., 1979). There 
also is gingival enlargement and delayed eruption of primary teeth. 
The optic discs are pale, and microcysts of the pigment epithelium 
are seen (Seelenfreund et al. } 1968). The most striking finding is 
the appearance of the scalp hair; it is colorless and friable. Exam¬ 
ination under the microscope reveals a variety of abnormalities, 
most often pili torti (twisted hair) (Figure 31.5), monilethrix (vary¬ 
ing diameter of hair shafts), and trichorrhexis nodosa (fractures of 
the hair shaft at regular intervals) (Menkes etal., 1962). 

On angiography or magnetic resonance (MR) angiography, a 
striking and progressive intracranial and extracranial vascular tor¬ 
tuosity is apparent (Figure 31.6, A and B) (Kim and Suh, 1997). 
Similar changes are seen in the systemic vasculature. Aneurysms 
are not unusual. They can involve the internal jugular vein (Grange 
etal ., 2005) and the brachial (Godwin etal., 2006), lumbar, and iliac 
arteries (Adaletli etal., 2005). 

PAM, another copper-dependent enzyme, is required for 
removal of the carboxy-terminal glycine residue characteris¬ 
tic of numerous neuroendocrine peptide precursors (e.g. gas¬ 
trin, cholecystokinin, vasoactive intestinal peptide, corticotropin¬ 
releasing hormone, thyrotropin-releasing hormone, calcitonin, 
vasopressin). Failure to amidate these precursors can result in 
marked reduction of their bioactivity (Steveson etal., 2003). 

Radiography of long bones reveals metaphyseal spurring and 
a diaphyseal periosteal reaction, reminiscent of scurvy (Wesen- 
berg et al. } 1968). The urinary tract is not spared. Hydronephro¬ 
sis, hydroureter, and bladder diverticula are common (Wheeler 
and Roberts, 1976). As a consequence of the defective activity of 
DBH, plasma and cerebrospinal fluid (CSF) catecholamine levels 
are abnormal in MD patients at all stage of life, including the pre- 



Figure 31.6 Right carotid angiogram of a 5-month-old infant with MD. The 
films show tortuous and anomalous middle cerebral artery vessels. In addition, 
there was marked tortuosity of the superior aspect of the cervical portion of the 
internal carotid artery in the early arterial phase. A. Lateral view. B. 
Anterior-posterior view. (Reproduced with permission of Dr. John Gwinn, 
Department of Radiology, Children's Hospital, Los Angeles.) 

natal period. DOPA (dihydroxyphenylacetic acid) and dopamine 
are elevated, and dihydroxyphenyl glycol, the deamination prod¬ 
uct of norepinephrine, is reduced (Kaler etal., 1993). Assay of these 
compounds can be used for neonatal diagnosis (Kaler etal., 2008). 

Neuroimaging discloses cerebral atrophy and bilateral ischemic 
lesions in deep gray matter, or in the cortical areas, the conse¬ 
quence of brain infarcts (Hsich et al., 2000). Asymptomatic sub¬ 
dural hematomas are almost invariable, and when these occur in 
conjunction with a skull fracture, the diagnosis of nonaccidental 
trauma is frequently considered (Menkes, 2001; Ubhi etal., 2000). 
Electroencephalograms (EEGs) show multifocal paroxysmal 
discharges or hypsarrhythmia. Visually evoked potentials are of 
low amplitude or completely absent (Ferreira etal., 1998). 
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The course is usually inexorably downhill, but the rate of neuro¬ 
logic deterioration varies considerably There are recurrent infecti¬ 
ons of the respiratory and urinary tracts, and sepsis and meningitis 
are fairly common. I have seen a patient in his 20s, and numer¬ 
ous patients have been reported whose clinical manifestations are 
less severe than those seen in the classic form of MD, and it appears 
likely that a continuum in disease severity exists. The correlation 
between the severity of phenotype and the type of mutation is 
not good, and variable clinical expressions for identical mutations 
have been observed (Borm etal., 2004; Turner etal., 2003). 

Diagnosis 

The clinical history and the appearance of the infant should sug¬ 
gest the diagnosis. Serum ceruloplasmin and copper levels are nor¬ 
mally low in the neonatal period and do not reach adult levels until 
1 month of age. Therefore, measurements of plasma dopamine and 
other neurochemicals are required for an early diagnosis (Kaler 
etal., 2008). The diagnosis can best be confirmed by demonstrat¬ 
ing the intracellular accumulation of copper and decreased efflux 
of Cu 64 from cultured fibroblasts (Turner and Horn, 1997). The 
increased copper content of chorionic villi has been used for first- 
trimester diagnosis of the disease (Turner and Horn, 1997). These 
analyses require considerable expertise, and only few centers can 
perform them reliably. 

In heterozygotes, areas of pili torti constitute between 30% and 
50% of the hair. Less commonly, skin depigmentation is present. 
Carrier detection by measuring the accumulation of radioactive 
copper in fibroblasts is possible, but is not very reliable (Turner 
and Horn, 1997). The full neurodegenerative disease, accompa¬ 
nied by chromosome X/2 translocation, has been encountered in 
girls (Kapur etal ., 1987). 

Treatment 

Copper supplementation, using daily injections of copper- 
histidine, appears to be the most promising treatment. Parenter- 
ally administered copper corrects the hepatic copper deficiency 
and restores serum copper and ceruloplasmin levels to normal. 
The effectiveness of treatment in arresting or reversing neuro¬ 
logic symptoms probably depends on whether some activity of 
the copper-transporting enzyme ATP7A has been preserved, and 
whether copper supplementation has been initiated promptly 
(Christodoulouera/., 1998; Turner and Horn, 1997). Therefore, it is 
advisable to begin copper therapy as soon as the diagnosis is estab¬ 
lished if the child has good neurologic function, and to continue 
therapy until it becomes evident that cerebral degeneration cannot 
be arrested. The use of intracerebroventricular copper-histidine is 
being explored (Lem etal., 2007). 
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WYBURN-MASON SYNDROME 

Stephen D. Reck and Jonathan D. Trobe 


Wyburn-Mason syndrome (WMS), also known as the Bonnet- 
Dechaume-Blanc syndrome, is arare nonhereditaryphakomatosis 
characterized by congenital retinal, orbital, and brainstem (usu¬ 
ally midbrain) arteriovenous malformations (AVMs), and, less fre¬ 
quently, facial AVMs (Bonnet et al., 1937; Theron et al., 1974; 
Wyburn-Mason, 1943). The combination of a retinal and intracra¬ 
nial AVM has traditionally been required to make the diagnosis 
of WMS, but there are patients with multiple orbital, facial, and 
brainstem AVMs without retinal AVMs that probably represent the 
same disorder (Danis and Appen, 1984; Kim et al., 1998; Ponce 
etal., 2001). 


Historical features 

Bonnet et al. (1937) first noted the combination of retinal and 
intracranial AVMs in 1937, but the eponym derives from the more 
comprehensive 1943 report of Wyburn-Mason of 27 patients with 
retinal AVMs, 22 of whom also had intracranial AVMs (Wyburn- 
Mason, 1943). The retinal lesion consists of a markedly dilated 
and tortuous arteriole contiguous to a similar vein involving the 
optic disc and retina (Brown, 1999; Selhorst, 1998) (Figures 32.1- 
32.3). The intracranial lesion consists of dilated vascular channels, 
often with arteriovenous shunts. The AVMs are usually unilateral 
and deeply located, and often involve the optic chiasm, hypothal¬ 
amus, basal ganglia, and mudbrain (Theron et al. } 1974) 
(Figure 32.1). 

The syndrome is often first identified by finding the retinal 
abnormality on a routine ophthalmologic examination. Before 
the development of noninvasive brain imaging, intracranial AVMs 
were typically discovered after they had bled and become symp¬ 
tomatic. With the increased availability of noninvasive brain imag¬ 
ing, intracranial AVMs are now often detected even if they do not 
produce any symptoms and signs. 

Recognition of the association between the retinal and intracra¬ 
nial lesions is important because it may allow early identification 
of the associated intracranial and facial AVMs (Selhorst, 1998). 
Notably, however, the prevalence of intracranial AVMs in cases 
with retinal AVMs is not well defined (Beck and Jenesen, 1958; 
Brown, 1999; 1961; Font and Ferry, 1972; Wyburn-Mason, 1943). 
Theron etal. (1974) observed that of the 80 cases reported to have 
retinal AVMs before 1974,25 (31%) also had intracranial AVMs, and 
10 (12%) had facial AVMs. 


Pathophysiology 

WMS is believed to result from a disturbance occurring before 
the seventh gestational week in the vascular mesoderm shared by 
the optic cup and the anterior neural tube. In this early period, this 
vascular plexus differentiates into the hyaloid vascular system and 
the vascular supply of the midbrain (Selhorst, 1998). 

Clinical manifestations 

Retinal AVMs 

Retinal AVMs usually do not grow or bleed, and are usually not 
responsible for significant visual loss (Brown, 1999; Lee, 1998) 
(Figure 32.1, A and B). In three cases reported with a follow-up 
of 2-15 years (de Keizer and van Dalen, 1981; Gulick and Taylor, 
1978; Muthukumar and Sundaralingam, 1998), the ocular find¬ 
ings remained stable without treatment. However, Effron et al. 
(1985) reported a case of neovascular glaucoma resulting from 
retinal ischemia from retinal arteriovenous shunting. There are 
several reports of patients presenting with decreased visual acuity 
and progressive optic neuropathy from accompanying orbitocra- 
nial AVMs (Ausburger et al., 1980; Brown et al., 1973; Danis and 
Appen, 1984; Effron etal., 1985; Him etal., 1998; Muthukumar and 
Sundaralingam, 1998). 

Intracranial AVMs 

The morbidity in this syndrome usually comes from the associated 
intracranial AVMs (Figure 32.1, A-D). Reports of 25 Wyburn-Mason 
patients contained diagnostic imaging or autopsy information suf¬ 
ficient to confirm the diagnosis (Ausburger et al., 1980; Brodsky 
andHoyt, 2002; Brodsky etal., 1987; Brown etal., 1973; Chakravarty 
and Chatterjee, 1990; Chan etal., 2004; Danis and Appen, 1984; de 
Keizer and van Dalen, 1981; Effron et al., 1985; Gibo et al., 1989; 
Gulick and Taylor, 1978; Kim etal., 1998;Lalonde etal., 1979; Mor¬ 
gan et al., 1985; Muthukumar and Sundaralingam, 1998; Ponce 
etal., 2001; Reck etal., 2005; Theron etal., 1974; Wyburn-Mason, 
1943). These cases presented with vision loss in 18 (72%), headache 
in 6 (24%), spontaneous nose or jaw bleeding in 6 (24%), hemi- 
paresis in 4 (16%), and seizure, proptosis, unconsciousness, and 
routine ophthalmoscopic detection of a retinal AVM in 1 case each. 

Among the 10 of these 25 reported patients whose intracra¬ 
nial AVMs were adequately followed (range, 1-17 years; average, 
6 years), 5 were not treated. One patient presented with a retinal 
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Figure 32.1 WMS. A. Fundus photograph of the right eye shows tortuous arteriovenous anastomoses centered over the optic disc and extending to the equator of 
the eye. B. Fundus photograph of the left eye is normal. C. T2-weighted axial MRI with fat suppression shows flow voids in the right basal ganglia and thalamus, 
consistent with a large AVM. D. Enhanced Tl-weighted axial MRI shows high signal in areas of anomalous vessels. E. Three-dimensional reformatted magnetic 
resonance angiogram, viewed from above, shows an AVM. See color plate. (Reprinted with permission from Reck, S. D., Zacks, D. N., and Eibschitz-Tsimhoni, M. 2005. 
Retinal and intracranial arteriovenous malformations: Wyburn-Mason syndrome. J Neuro-Ophtholmol, 25, 205-8.) 


AVM and died 1 year later of intracranial hemorrhage at the age of 
9 years (Chan et al., 2004); one patient had increased hemipare- 
sis after 15 years; one patient had increased hemianopia 12 years 
after recovering from a coma induced by spontaneous subarach¬ 
noid hemorrhage; and two patients were unchanged after 1 and 
2 years. 

Review of the reported cases of WMS does not permit firm 
conclusions regarding the natural history of the asymptomatic 
intracranial AVMs. There is no evidence that they have a natural 
history different from intracranial AVMs unassociated with retinal 
AVMs, but they tend to be more extensive and deeper than the 
average isolated intracranial AVM. 


Treatment 


Of the 25 reported patients with imaging or autopsy information 
sufficient to confirm the diagnosis of WMS, five received treat¬ 
ment and were followed. One patient presented with decreased 
vision (20/15 right eye, and 20/100 left eye) and headache and 
underwent excision of an orbital and parachiasmal AVM. After 4 
years, this patient was blind in the left eye and developed a small 
nasal visual field defect in the right eye (Danis and Appen, 1984). 
One patient underwent excision of a suprasellar AVM after sev¬ 
eral spontaneous subarachnoid hemorrhages and had slight visual 
field loss after 1 year (Gibo et al ., 1989). One patient presented with 
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Figure 32.2 Fundus photograph from a second case of WMS showing retinal 
AVM. (Kellogg Eye Center, Department of Ophthalmology and Visual Sciences, 
University of Michigan.) 



Figure 32.3 Fundus photograph from a third case of WMS. (Kellogg Eye Center, 
Department of Ophthalmology and Visual Sciences, University of Michigan.) 

decreased vision (20/400 right eye, 20/20 left eye) and underwent 
radiation therapy for a suprasellar AVM. Vision had improved at 
2-year follow-up (20/200 right eye and 20/20 left eye) (Brown etal., 
1973). One patient underwent pan-retinal laser photocoagulation 
for neovascular glaucoma and was blind in that eye at 20-month 
follow-up (Effron et al., 1985). One patient underwent external 
carotid artery ligation followed by subtotal maxillary resection for 
a facial AVM that was complicated by severe hemorrhage requir¬ 
ing ligation of the ipsilateral internal carotid artery, resulting in 
incomplete hemiplegia at a 17-year follow-up (Ausburger et al., 
1980). 


Because of their size and location, WMS AVMs are usually not 
amenable to surgical removal or radiosurgery. Embolization car¬ 
ries an increased risk because these lesions share a blood supply 
with vital brainstem structures. Therefore, patients are usually left 
untreated until the AVMs bleed, at which time heroic measures 
may be necessary (Brown etal, 1988). 
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PART III: VASCULAR CONDITIONS OF THE EYES, EARS, 
AND BRAIN 

SALES RETINOPATHY 

Valerie Biousse 


Introduction 

Henry Eales, in 1880, described a syndrome of recurrent vitreous 
hemorrhages associated with abnormal retinal veins and periph¬ 
eral retinal capillary dropout in young men (Biswas et al., 2002). 
There is now good evidence that the condition described by Eales 
as a specific disease entity is rather a retinopathy that can be 
found in a variety of vascular retinal conditions (Biswas et al., 
2002;DukerefaZ., 1998; Goldberg, 1971;KaramefaZ., 1999;Mizener 
et al., 1997). This is why the terms "Eales retinopathy” or “Eales 
disease" are only rarely used. Most authors prefer “retinal neo¬ 
vascularization,” which is usually classified as “idiopathic" or 
“secondary.” 

Clinical manifestations of "Eales retinopathy" 

So-called “Eales retinopathy” associates peripheral retinal 
changes often described as "vasculitis," peripheral capillary non¬ 
perfusion (retinal ischemia), and retinal or optic nerve neovas¬ 
cularization (secondary to chronic retinal ischemia) resulting in 
vitreous hemorrhage and retinal detachment (Figure 33.1). This 
variety of retinal findings explains why visual symptoms are non¬ 
specific. Patients may be asymptomatic and the retinal vascular 
changes found only during a routine funduscopic examination, or 
they may have devastating visual loss from vitreous hemorrhage 
and retinal detachment secondary to neovascularization (Biswas 
et al., 2002; Dastur and Singhal, 1976). 

So-called “Eales disease” affects most oftenyoung adults, is usu¬ 
ally bilateral, and is more common in the Middle East and in 
India where it has been associated with tuberculosis (Biswas etal., 
2002 ). 

The list of disorders associated with such retinopathy is exten¬ 
sive. During the past 20 years, numerous syndromes have been 
reported with the ophthalmic features of so-called “Eales retinopa¬ 
thy.” Some of these syndromes are associated with lesions of 
the central nervous system, explaining why Eales retinopathy is 
considered an “uncommon cause of stroke” by some authors 
(Dastur and Singhal, 1976). However, this should be interpreted 
with caution because other, perhaps better known, entities may 
be the cause of the retinopathy and the central nervous system 
lesions. For example, systemic inflammatory disorders such as 
systemic lupus erythematosus, sarcoidosis, and ulcerative coli¬ 
tis can present with similar findings (Biswas et al., 2002; Duker 
et al., 1998; Karam et al., 1999; Mizener et al., 1997). Peripheral 



Figure 33.1 A. Peripheral retinal neovascularization shown on fundus photo. 
B. Retinal fluorescein angiogram. 


retinal neovascularization without inflammation is seen in sickle 
cell disease, diabetic retinopathy, retinopathy of prematurity, 
familial exudative vitreoretinopathy, hyperviscosity syndromes, 
and other hypercoagulable states (Biswas et al., 2002; Goldberg, 
1971). In addition, pars planitis (often associated with multiple 
sclerosis or other inflammatory or infectious disorders) and rare 
vascular retinal syndromes such as idiopathic retinal vasculitis, 
aneurysms, and neuroretinitis (IRVAN syndrome) (Chang et al., 
1995; Hammond et al., 2004) or Susac syndrome (O’Halloran 
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et al., 1998) have been included in previous reports of Eales 
disease. 

Neurologic findings 

Many of the disorders responsible for peripheral retinal neovascu¬ 
larization also involve the central nervous system. Therefore, vari¬ 
ous neurologic findings have been reported in so-called Eales dis¬ 
ease, including meningitis, encephalitis, cerebral vasculitis, brain 
infarctions and hemorrhages, cerebral venous thrombosis, and 
white matter diseases. These manifestations are nonspecific and 
are related to the underlying neurologic disorder. 

Treatment 

There is no specific treatment except for that of the underlying 
disorder. The treatment of the retinopathy is limited to stimu¬ 
lating regression of neovascularization by applying laser photo¬ 
coagulation to the nonperfused retina. Vitrectomy is indicated 
for nonclearing vitreous hemorrhage, extensive retinal neovascu¬ 
larization, epiretinal membrane, and traction retinal detachment 
(Biswas etal., 2002; Dehghan etal., 2005). 
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ACUTE POSTERIOR MULTIFOCAL PLACOID 
PIGMENT EPITHELIOPATHY 

Marc D. Reichhart 


General considerations and pathophysiology 

Acute posterior multifocal placoid pigment epitheliopathy 
(APMPPE), first recognized by J. Donald Gass 40 years ago (Gass, 
1968,2003a), is an ophthalmologic syndrome rather than a specific 
entity, characterized by “multiple cream-colored placoid lesions" 
located in the posterior pole “lying at the level of the pigment 
epithelium and choroids” (see Figure 34.1). Gass reported on three 
young women presenting painless acute visual loss, with persis¬ 
tent lesions of the retinal pigment epithelium despite visual acuity 
remission, and hence proposed the term of acute posterior multi¬ 
focal placoid pigment epitheliopathy, believing that it represented 
a primary disease of the retinal pigment epithelium. He high¬ 
lighted an association with tuberculosis (positive tuberculin test, 
two cases; familial history, one case), which was confirmed later 
(Anderson etal., 1996). The pathognomic signs of APMPPE are typ¬ 
ically seen on fluorescein angiography, and its hallmarks are par¬ 
ticularly evident using indocyanine green angiography (Dhaliwal 
etal., 1993; Howe etal., 1995; ParkefaZ., 1995b; Stanga ef«Z., 2003). 

Questions have been raised whether APMPPE was a primary 
disorder of the retinal pigment epithelium (Gass, 1968, 2003a), a 
vasculitis of the choriocapillaries (Deutman et al., 1972; Hedges 
etal., 1979), a choroidal vasculitis (Spaide etal., 1991), or a partial 
choroidal occlusive vasculitis (Park et al., 1995a) with secondary 
lesions of the retinal pigment epithelium (Jones, 1995). Fluores¬ 
cein angiography in APMPPE shows early hypofluorescence of the 
placoid lesion with gradual accumulation of fluorescein within 
the retinal pigment epithelium; this hypofluorescence failed to 
discriminate whether the choroid or the retinal pigment epithe¬ 
lium was primarily involved (Stanga et al., 2003). Angiography 
with indocyanine green confirmed choroidal hypofluorescence 
secondary to choroidal vascular occlusion, related to occlusive 
vasculitis (Howe et al., 1995; Stanga et al., 2003; Uyama et al., 
1999). Later hyperfluorescence is seen because of the secondary 
retinal pigment epithelium damage, whereas with resolution of 
the placoid lesion, there are persistent areas of choroidal hypop¬ 
erfusion (Howe et al., 1995; Stanga et al., 2003; Uyama et al., 
1999). 

By comparing fundoscopic signs (multifocal posterior pole 
lesions vs. diffuse changes) and clinical courses (spontaneous 
remission vs. recurrent disease), a continuum probably exists 
between APMPPE and Harada disease (Jones, 1995; Wright et al., 
1978). A patient with recurrent APMPPE with late-onset cen¬ 
tral nervous system (CNS) involvement and aseptic meningi¬ 
tis (see Patient 4, Table 34.1) has been reported (Kersten et al., 


1987) . Furthermore, a patient with Harada diseases and recurrent 
APMPPE was published (Furusho et al., 2001). Even in APMPPE 
patients without CNS involvement, cerebrospinal fluid (CSF) anal¬ 
ysis may show increased white blood cell (WBC) content, com¬ 
prising mainly lymphocytes (Bullock and Fletcher, 1977). For 
these reasons, APMPPE has been classified by some authorities 
as an inflammatory or an autoimmune cause of the true uveo¬ 
meningeal syndrome (Table 34.2), together with Vogt-Koyanagi 
syndrome and Harada disease (VKH syndrome), Behget syndrome, 
sarcoidosis, and Wegener granulomatosis (Brazis et al., 2004). 
Regarding its cerebrovascular complications, APMPPE may be 
considered a vasculitis with posterior chorioretinitis and rarely 
CNS involvement, such as stroke and cerebral vasculitis (Ferro, 
1998). Even if APMPPE presents most often as an isolated ocular 
choroidal vasculitis, a growing body of evidences suggests that it 
can be associated with a systemic vasculitic process, including the 
CNS. Like other vasculitis, it can be secondary to or associated with 
the following disorders, which are summarized in Table 34.2. 

Infectious/post-infectious- i.e. streptococcus (Deutman etal., 
1972) of group A (Lowder et al., 1996), tuberculosis (Anderson 
et al., 1996; Deutman et al., 1972), and positive tuberculin skin 
tests (Brown et al., 1973; Gass, 1968, 1983, 2003a; Schubert et al., 

1988) , syphilis (Gass et al., 1990), Lyme disease (Bodine et al., 
1992; Toenjes etal., 1989), Schistosoma mansoni (Dickinson etal., 
1990), toxoplasmosis (Annesley et al., 1973; Kirkham etal., 1972), 



Figure 34.1 Fundoscopic hallmarks of APMPPE: multiple creamy colored 
(white), flat, and discrete placoid, without clear-cut margins, lesions at the 
level of the retinal pigment epithelium. (Courtesy of F.-X Borruat, MD, Hopital 
Jules Gonin, Lausanne, Switzerland.) 
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fable 34.1 Patient number, source (first author, year), and case or patient number for series, demographic data, headache and meningeal 
signs, clinical pattern of CNS insult, radiological and CSF features, latencies between diagnosis of APMPPE and CNS insult, outcome and 
therapy of 23 patients with PACNS and/or cerebrovascular diseases (CVDs) 


Pt No. 1 st author, 
Year (Pt/case n°) 

Age 

Sex 

Race 

Headache 

Meningeal signs 

Clinical pattern 

of CNS insult 

CT, MRI, 

Angiography 

Muscle biopsy (MB) 

Other findings 
(necropsy) 

CSF 

WBC/mL 

CSF 

protein 

mg/L 

APMPPE- 

to-CNS 

insult 

Latency 

Outcome, 

therapy 

1) Holt etal., 

1976 Case 1 

22 

M 

w 

Headache 

Photophobia 
Nausea Vomiting 

Bilateral MCA 

TIAs 

Normal Tc-99 CT-scan; 
Signs of vasculitis of B 

M3-MCA branches 

(angiogram) 

PACNS 

177 

1810 

Inaugural 

Good 

CS 

2) Sigelman 
etal., 1979 

18 

M 

w 

Headache 

Vomiting 

“Migraine” 

L homonymous 
hemianopia 

R occipital stroke (CT + 
Tc-99 CT-scan); Signs 

of vasculitis on 

angiogram PACNS 

5 

520 (330 
IgG) 

Inaugural 

Good 

No CS 

3) Smith etal., 

1983 

25 

M 

w 

Headache 

Photophobia 

Stiff neck 

L homonymous 
hemianopia 

And 

hemihypesthesia 

R occipital stroke 
(CT-scan) 

Signs of vasculitis 
(MCA, ACA), R PCA 

occlusion on 

angiogram 

PACNS 

100 

3000 

7 weeks 

Good 

CS 

4) Kersten 

etal., 1987 

30 

M 

w 

Headache 

Stiff neck 

Vertigo, 

downbeat 

nystagmus/ 

ocular flutter 

ataxia, tremor 

Normal CT (2) and 
angiogram (on CS); 
symptomatology 
recurrence after 5 years 
suspected PACNS 

151 

1440 

OP 20 cm 

H 2 0 

5 years 

Good 

CS 

5) Wilson etal., 

1988 

24 

M 

w 

Headache nausea 

Coma, 

corticospinal 
tract sign, tonic 
seizure, brain 

death 

Gray matter ischemia + 
edema, B parietal > 
frontal + occipital 
(tonsillar herniation); 
GANS (Langhans’cells 
at necropsy) 

0 (120 

RBC) 

660 

OP 15 cm 

H 2 0 

6 weeks 

Died despite 

CS 

6) Weinstein 

etal., 1988 

23 

M 

w 

Headache 

Rhand 

clumsiness, leg 
dysesthesia, 
dysarthria; L 
homonymous 
hemianopia 

L subacute 

striatocapsular and R 
acute occipital strokes 
(CT); R occipital 
hemorrhage (MRI); 
Vasculitis signs on 
angiogram 

PACNS 

19 

8 RBC 

330 

4 weeks 

12 weeks 

Persistent 

hemianopia, 

Memory 

impairment 

CS 

7) Smith in: 

Weinstein 

1988 

32 

M 

w 

No 

R homonymous 
hemianopia 

L occipital stroke (CT) 
Signs of vasculitis on 
angiogram PACNS 

ND 

ND 

4 weeks 

Partial 

resolution 
despite CS 

8) Hammer 

etal., 1989 

25 

F 

w 

Headache 

Coma, 

hemiplegia 

B ischemic strokes of 

ACA + MCA (CT); 
angiogram ND; 
suspected PACNS 
(necropsy refused) 

ND 

ND 

5 weeks 

Died despite 

CS 

9) Stoll etal., 

1991 

54 

M 

w 

Headache 

Flu-like 

symptoms 

Dysarthria, L 
hemiparesis, 
ataxia, B 
pyramidal signs 

Multiple deep WM + 
pontine and L thalamus 
hyperintensities (MRI); 

Vasculitis of basal 

arteries (angiogram); 
subcortical PACNS 

18 

670 

14 

weeks 

Good 

CS + AZA 
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Table 34.1 ( cont.) 








APMPPE- 



Age 



CT, MRI, Angiography 



to-CNS 


Pt No.l st author, 

Sex 

Headache 

Clinical pattern of 

Muscle biopsy (MB) Other 

CSF 

CSF protein 

insult 

Outcome, 

Year (Pt/case n°) 

Race 

Meningeal signs 

CNS insult 

findings (necropsy) 

WBC/mL mg/L 

Latency 

therapy 

10) Bodiguel 

35 

Headache 

Dysarthria, R 

L posterior limb of internal 

75 

650 +IgG 

5 weeks 

Good 

1992 

M 

Flu-like symptoms 

hemiparesis 

capsule + corpus callosum 

66 

Intrathecal 


CS 


w 



strokes, subcortical frontal 
+ parietal lesions (MRI);N 
angiogram; sarcoidosis 

RBC 

production 



11) Bewermeyer 

27 

Flu-like 

Horizontal 

R pontine infarct (MRI); N 

55 

360 

24 weeks 

Good 

etal., 1993 

M 

Symptoms 

nystagmus, 

angiogram; Brain stem 




CS + AZA 

Althaus, etal., 

w 

Photophobia 

dysarthria, stupor 

hypoperfusion (PET); 





pt. 2 1993 



L spastic 

Systemic vasculitis on MB 








hemiparesis 

(T-cells around small 

vessels) 





12) Althaus, et 

54 

Flu-like symptoms 

Dysarthria, L 

B WM, thalamus, pons 

ND 

ND 

12 weeks 

Good 

al„ 1993 1993 

M 


hemiparesis, B 

lesions-MRI. Vasculitis of 




CS + AZA 

Case 1 

w 


pyramidal signs 

basal arteries (angiogram); 

Subcortical PACNS 





13) Comu etal., 

23 

Headache 

Stupor, R 

B parietal, occipital (2 nd 

60 

450 

3 weeks 

R hemianopia 

1996 Case 1 

F 


hemiplegia, 

hemorrhagic) + L 



8 weeks 

CS + CYC 


h 


aphasia; L 

putaminal ischemic 



12 weeks 





hemidysesthesia 

strokes (MRI); N 








Seizures, L 

angiogram (suspected 








hemiparesis 

PACNS); R parietal acute 
stroke (MRI) 





14) Engelinus 

21 

Headache 

Headache, R 

Normal CT-scan 

8 

ND 

Inaugural 

Not known 

1999 

M 


inferior 

(suspected L 




(3 months) 


w 


homonymous 

parieto-occipital stroke 




CS 




quadrantanopsia 

and PACNS) 





15) Reinthal 2001 

29 

Headache 

Tetraparesis, 

Demyelinating lesions of L 

40 

1630 

12 weeks 

Good 


M 

Flu-like symptoms 

four-limbs 

medulla oblongata, R 


Without 


CS 


w 


dysesthesia, B 

paraventricular and 


Intrathecal 






Corticospinal tract 
signs (Babinski) 

nucleus caudatus (MRI); 


production 



16) O’Halloran 

16 

Headache 

Seizure, L 

R fronto-parietal 

28 

850 

48 weeks 

Good, 

etal., 2001 

M 

“migraine” 

hemi-hypesthesia, 

hypodensities B parietal 


OP 39 cm 


CS, 

pt. i 

w 


confusion 

hemorrhages (MRI) 


h 2 o 


Craniotomia 





Superior sagittal sinus 
thrombosis (angiogram); 

N brain biopsy 




AC 

17) O’Halloran 

25 

Headache 

R hemiparesis 

Normal MRI, CNS arteritis 

ND 

ND 

20 weeks 

Good (5 years) 

etal., 2001 

M 

Viral meningitis 

Sphincter 

on angiogram PACNS 




CS 

Pt. 2 

w 


dysfunction 





CYC 

18) O’Halloran 

36 

Flu-like symptoms 

Transient and 

Thalamic and WM T2-WI 

NK 

880 

4 weeks 

Good, 

etal., 2001 

M 


chronic L 

signal abnormalities (MRI) 




CS 

Pt. 3 

w 


hemidysesthesia 






19) O’Halloran, 

51 

NK 

L superior 

Multiple R temporal 

NK 

NK 

Inaugural 

Good, 

etal., 2001 

M 


homonymous 

strokes (MRI) 




CS 

Pt 8 

w 


quadrantanopia 

PACNS 





20) O’Halloran 

49 

Headache 

Aphasia, confusion 

N CT et MRI Suspected 

NK 

NK 

Inaugural 

Good, 

etal., 2001 

M 

Flu-like symptoms 


PACNS 




CS 

Pt. 9 

w 
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239 






Uncommon Causes of Stroke 


fable 34.1 ( cont.) 





CT, MRI, Angiography 



APMPPE- 



Age 



Muscle biopsy (MB) 


CSF 

to-CNS 


PtNo.l st author, 

Sex 

Headache 

Clinical pattern 

Other findings 

CSF 

protein 

insult 

Outcome, 

Year (Pt/case n°) 

Race 

Meningeal signs 

of CNS insult 

(necropsy) 

WBC/mL 

mg/L 

Latency 

therapy 

21) AlKawi, 

33 

No 

Conduction 

L temporo-parietal 

ND 

ND 

8 weeks 

Good 

etal., 2004 

M 


aphasia, R 

(MCA) + occipital 




CS 


a 


homonymous 

(PCA) ischemic strokes 




AC 




hemi-tanopia 

(MRI);signs of 
vasculitis (L MCA) on 
angiogram; PACNS 





22) Bugnone 

20 

Headache 

dysphasia, R 

Increased signal 

ND 

ND 

6 weeks 

Good, 

etal., 2006 

F 

Photophobia 

sensori-motor 

intensity in the deep 



12 weeks 

Inaugural CS 


w 

phonophobia 

hemisyndrome 

WM; acute R caudate 



(acute 

(short Course) 




headache 

nucleus head, old post, 
corpus callosum 
strokes (MRI); 
suspected subcortical 

PACNS 



stroke) 


23) DeVries2006 

23 

Headache 

L sensori-motor 

L MCA and R PCA 

ND 

ND 

0.5 week 

Death 


M 


hemisyndrome 

infarcts, L MCA 






w 


Tonic-clonic 

occlusion, R PCA 








status epilepticus 

stenosis; GANS 
(Langhans cells) 
Multisystemic 
granuloma (necropsy) 






CS = corticosteroids; AZA = azathioprine; CYC = cyclophosphamide; B = bilateral; R = right; L =left; MB = muscle biopsy; ND = not done; NK= not 
known; Pt = Patient; w = white; b = black; h = half-cast (native American); a = Asian; CAT = computed axial tomography; Tc-99 CT-scan = dynamic 
Technecium CT-scan; CANS = granulomatous angiitis of the CNS; PACNS= primary angiitis of the CNS; OP = opening pressure on spinal tap; ACA = 
anterior cerebral artery; AC = anticoagulation therapy; WM = white-matter. 


Epstein-Barr virus (Ryan andMaumenee, 1972), adenovirus (Azar 
etal., 1975; Thomson and Roxburgh, 2003), mumps (Borruat etal., 
1998), andVZV (post-infectious) (Holtefa/., 1976). 

Vaccination -i.e. complicating swine flu (Hector, 1978), hepati¬ 
tis B (Brezin et al., 1995), and meningococcal (Yang et al., 2005) 
vaccines. 

Inflammatory - i.e. lymphadenopathy found in 14%-22% of 
cases in series (Holt etal., 1976; Lyness and Bird, 1984; Ryan and 
Maumenee, 1972) and isolated (Caccavale and Mignemi, 2001; 
Dick eL al., 1988; Laatikainen andlmmonen, 1988; Uthman etal., 
2003), nephritis (Laatikainen and Immonen, 1988), Wegener's 
(Chiquet et al., 1999), systemic granulomatosis (de Vries et al., 
2006), sarcoidosis (Bodiguel et al., 1992; Dick et al., 1988; Foulds 
and Damato, 1986; see Chapter 52), Crohn's disease (Gass, 1983), 
ulcerative colitis (Di Crecchio etal., 2001), and thyroiditis (Jacklin, 
1977). 

Autoimmune diseases - i.e. poststreptococcal syndrome with 
erythema nodosum (Caccavale and Mignemi, 2001), systemic 
lupus erythematosus (Kawaguchi etal., 1990; Matsuo etal., 1987; 
see Chapter 45), anticardiolipin antibodies (Uthman et al., 2003), 
juvenile-onset rheumatoid arthritis (Bridges et al., 1995), and 
Graves-Basedow’s disease (Ruiz Vinals etal., 2002). 

Paraneoplastic syndrome - i.e. renal cell carcinoma (Parmeg- 
giani etal., 2004). 


Other rare conditions - i.e. lead intoxication (Schubert et al., 
1988), antimicrobial agents hypersensitivity reaction (Lyness and 
Bird, 1984), which is debatable (infectious vs. drug reaction), and 
hemophagocytic syndrome (Suzuki etal., 2002). 

The fact that it has been reported in the following vasculitic 
entities strongly support the hypothesis that APMPPE is caused 
by a choroidal occlusive vasculitis: necrotizing systemic arteritis 
including polyarteritis nodosa (PAN) (Hsu et al., 2003) and small 
vessel vasculitis (''micro-PAN”) with positive pANCA antibody 
(Matsuo etal., 2002; see Chapter 43), and erythema nodosum (Cac¬ 
cavale and Mignemi, 2001; Deutman et al., 1972; Uthman et al., 
2003; Van Buskirk et al., 1971). In one series, urinary casts were 
found in patients with APMPPE, raising the hypothesis of a con¬ 
comitant renal and choroidal microangiopathic vasculitis (Priluck 
etal., 1981). Proven histopathological signs of vasculitis on muscle 
biopsy have been reported in one patient with APMPPE and pon¬ 
tine infarct (Table 34.1): Patient 11 (Bewermeyer etal., 1993), also 
published as Case 2 in Althaus etal. (1993). Two additionalAPMPPE 
patients showed typical signs of granulomatous angiitis of the CNS 
with giant cells (Langerhans) on necropsy (Table 34.1, Patient 5) 
(Wilson et al., 1988), and Patient 23 (de Vries et al., 2006), who 
had evidences of multisystemic granulomatous arteritic injuries. 
Finally, human leukocyte antigen (HLA) mapping of families with 
APMPPE emphasized HLA DR2 (and B7) to be associated with an 
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Table 34.2 Conditions or diseases associated with APMPPE 
(see text for references) 


Infectious/postinfectious 

Streptococcus, including A type 
Tuberculosis 

Positive tuberculin skin test 

Syphilis 

Lyme disease 

Schistosomiasis (mansoni) 

Toxoplasmosis 

Epstein-Barr virus (infectious mononucleosis) 

Adenovirus 

Mumps 

Varicella zoster virus (VZV): postinfectious 
Vaccinations 
Swine flu 
Hepatitis B 
Meningococcus 
Inflammations 
Lymphadenopathy 
Subacute thyroiditis (De Quervain’s) 

Nephritis 

Wegener’s and systemic granulomatosis 
Sarcoidosis 

Crohn’s disease and ulcerative colitis 
Autoimmune diseases 

Poststreptococcal syndrome 
Systemic lupus erythematosus 
Anticardiolipin antibodies 
Juvenile onset rheumatoid arthritis 
Graves-Basedow’s disease (hyperthyroidism) 

Vasculitis 

Polyarteritis nodosa 
Small vessel vasculitis 
Erythema nodosum 

Pontine stroke with vasculitis signs on muscle biopsy 
Granulomatous angiitis of the CNS (CANS) with systemic 
involvement (Langerhans cells) 

CANS (Langerhans cells) 

Primary angiitis of the CNS (PACNS) with and without stroke 
Paraneoplastic syndrome 
Clear renal cell carcinoma 
Other conditions 
Hemophagocytic syndrome 
Lead intoxication 

Antimicrobial drugs: sulfamethoxazole + trimethoprim, 
tetracycline, not specified 


increased risk of recurrent diseases (Kim et al., 1995; Wolf et al., 
1990b) and also reinforce the hypothesis of an immunologically 
mediated choroidal vasculitis process causing APMPPE. 

According to Park et al. (1995a), partial choroidal occlusive vas¬ 
culitis causing APMPPE and its associated vasculitic processes sec¬ 
ondary to some aforementioned previously reported disorders - 


i.e. granulomatous angiitis of the CNS (Wilson et al, 1988), 
sarcoidosis (Dick et al., 1988), schistosomiasis (Dickinson et al., 
1990), positive tuberculin tests suggestive of tuberculosis (Brown 
etal., 1973;Gass, 1968,2003a), and systemic vasculitis documented 
on muscle biopsy in one stroke-patient (Althaus et al. , 1993; Bew- 
ermeyer etal., 1993)- might be all explained by delayed type hyper¬ 
sensitivity (type IV) reactions. 

The neuro-ophthalmological manifestations of APMPPE 
include papillitis and optic neuritis with Marcus Gunn pupil 
(Frohman el al., 1987; Jacklin, 1977; Jenkins etal., 1973; Kirkham et 
al., 1972; O' I lalloran etal., 2001; Savino etal., 1974; Sch ubert el al., 
1988; Wolf et al., 1990a), whereas its neuro-otological features 
encompass tinnitus, hearing loss, and vertigo (Clearkin and Hung, 
1983; Holt etal., 1976). The following neurological complications 
in patients with APMPPE have been reported: headache without 
meningitis (16%-50%) (Foulds and Damato, 1986; Holt et al., 
1976; Ryan and Maumenee, 1972) or associated with aseptic 
meningitis (Bullock and Fletcher, 1977; Cornu et al., 1996; Fish¬ 
man etal., 1977) confirmed on CSF analysis showing lymphocytic 
pleiocytosis (range, 56-70 WBC/mL), elevated protein level (>800 
mg/L) (Bullock and Fletcher, 1977), and elevated mononuclear 
WBC (range 61-89 per mL) with hyperproteinorachia (range 460- 
540 mg/L) (Patients 2 and 3) (Cornu et al., 1996) (but conversely 
CSF analysis may give normal results) (Holt etal., 1976); multiple 
sclerosis (MS)-like diseases (Patients 5-7) (O’Halloran et al., 
2001), pseudotumor cerebri (Patient 4) (O'Halloran et al., 2001); 
“meningoencephalitis” (Hammer et al., 1989; Holt et al., 1976; 
Jones, 1995; Kersten et al., 1987; Ryan and Maumenee, 1972; 
Sigelman et al., 1979; Smith et al., 1983; Weinstein et al., 1988; 
Wilson et al., 1988); and vasculitis of the CNS with or without 
stroke (Brazis et al., 2004; Comu et al., 1996; Ferro, 1998; Jones, 
1995). 

Most published so-called meningoencephalitis case-reports 
(Hammer etal., 1989; Holt et al., 1976; Jones, 1995; Kersten etal., 
1987; Sigelman etal., 1979; Smith et al., 1983; Weinstein etal., 1988; 
Wilson etal, 1988) represent cases of APMPPE associated with vas¬ 
culitis of the CNS. Conversely, only one previously published case 
(Case 5) of true (meningo-)encephalitis has been reported (Ryan 
and Maumenee, 1972). Indeed, APMPPE, together with Buergers 
disease (thromboangiitis obliterans; see Chapter 5) and Susac’s 
syndrome (retino-cochlear encephalopathy; see Chapter 35), are 
reputed exceptional forms of apparently primary angiitis of the 
CNS (PACNS) (Zuber et al., 1999; see Cshapter 35), which is the 
most appropriate term (Lie, 1997). 

Although CNS complications of APMPPE are extremely rare, 23 
patients with APMPPE and associated CNS vasculitis and/or cere¬ 
brovascular disorders, including ischemic and secondary hemor¬ 
rhagic strokes and lobar hemorrhages related to cerebral venous 
thrombosis (CVT), have been published to date (Al Kawi et al., 
2004; Althaus etal., 1993; Bewermeyer etal., 1993; Bodiguel etal., 
1992; Bugnone etal., 2006; Comu etal., 1996; deVries etal., 2006; 
Engelinus etal. ,1999; Hammer etal., 1989; Holt etal. ,1976; Kersten 
etal., 1987; O’Halloran etal., 2001; Reinthal et al., 2001; Sigelman 
et al., 1979; Smith et al., 1983; Stoll et al., 1991; Weinstein et al., 
1988; Wilson et al., 1988). These 23 cases will be analyzed in the 
following section. 
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Nosology, clinical and paradinical features 
of APMPPE 


From a nosologic ophthalmological point of view, APMPPE is 
now classified as one of the multifocal choroidopathy syndromes 
(Jampol and Becker, 2003), together with the acute zonal occult 
outer retinopathy complex also described by Gass (1993, 2000), 
which comprises other specific but sometimes overlapping enti¬ 
ties (for details, see Gass, 1993, 2000, 2003b; Jampol and Becker, 
2003). APMPPE affects young white adults (mean age, 26.5 years; 
range 11-66 years) without gender predilection (Jones, 1995). 
As compared with the two other “uveo-cerebral vasculitic syn¬ 
dromes,” the major differences are the following: Eales disease (see 
Chapter 33), an angiitis also confined to retinal arteries (neovas- 
cular proliferation, vitreous hemorrhage) and less often affecting 
cerebral arteries with stroke, affects young men (range 20-40 
years) from India and the Middle East (Biswas et al., 2001; 
Gordon et al., 1988; Jimenez el al., 2003; Katz et al. } 1991; Kumar- 
avelu et al., 2002; Misra et al., 1996), whereas Susac’s syndrome 
(see Chapter 35), a microangiopathy of the retina, cochlea, and 
brain, which involves the corpus callosum, affects predominantly 
youngwomen (mean30years) (O’Halloran efflZ., 1998;Susac,2004; 
Susac et al., 1979, 2003). APMPPE presents with rapid decreased 
central vision, while the yellow-white multiple placoid lesions 
affect the macula (Foulds and Damato, 1986; Holt et al., 1976; 
Williams and Mieler, 1989), and is characterized by acute and/or 
subacute visual blurring, scotomas, or metamorphopsia (Jones, 
1995). 

The ophthalmoscopic hallmarks of APMPPE consist of cream- 
colored, flat, and discrete placoid, without clear-cut marginal 
lesions at the level of the retinal pigment epithelium, masking the 
fundus view of the underlying choroids, which typically involve the 
macula but are never seen anterior to the equator (Jones, 1995) 
(see Figure 34.1). Both eyes are involved, either simultaneously 
or sequentially within a few days (Foulds and Damato, 1986; Holt 
etal., 1976;Jones, 1995; Williams and Mieler, 1989), and recurrence, 
possibly related to the presence of HLA antigen DR2, is rare (Kim 
et al., 1995; Lyness and Bird, 1984; Wolf et al., 1990b). Although 
the retinal pigment epithelium changes are definitive, the visual 
prognosis is usually good (Williams and Mieler, 1989), although 
some other long-term studies (6-8 years) showed that two-thirds 
of patients had paracentral scotomas and persistent blurred 
vision with metamorphopsia (Wolf et al., 1991) and that 57% of 
them showed full recovery of visual acuity (Roberts and Mitchell, 
1997). 

Fluorescein or indocyanine green (Dhaliwal et al., 1993; Howe 
et al., 1995; Park et al., 1995b; Stanga et al., 2003; Uyama et al., 
1999;) angiographic studies show typical choroidal hypofluores- 
cence underneath the active lesions (early stage) and further 
bright staining (late stage) (Jones, 1995). Associated ocular find¬ 
ings include anterior and/or posterior uveitis, retinal vasculitis, 
papillitis, Marcus-Gunn pupil (see above), retinal serous detach¬ 
ment, edema, hemorrhages, episcleritis, central retinal vein occlu¬ 
sion, and subretinal neovascularization (Jones, 1995; Williams 
and Mieler, 1989). More than one-third of patients have pro¬ 
dromic flu-like symptoms (fever, malaise, headache, dizziness, 


myalgia, arthralgia, upper respiratory tract infection, chills, sore 
throat) before APMPPE onset (mean, 41%) (Cornu et al., 1996; 
Dick el al, 1988; Foulds andDamato, 1986; Holt etal., 1976; Howe 
et al., 1995; Laatikainen and Immonen, 1988; Lyness and Bird, 
1984; O’Halloran et al., 2001; Priluck et al., 1981; Roberts and 
Mitchell, 1997; Ryan and Maumenee, 1972; Savino et al., 1974; 
Uthman etal., 2003; Williams and Mieler, 1989). 


Analysis of 23 patients with APMPPE and PACNS 
and/or CVDs 

The fact that CVDs occur in patients with APMPPE strongly sup¬ 
ports the thesis that it represents a particular “uveo-cerebral 
vasculitic syndrome,” like Eales disease and the syndrome 
of Susac. APMPPE shares some common features other than 
CVDs (i.e. small infarcts for Susac’s syndrome), with Eales dis¬ 
ease (retinal capillary nonperfusion, multiple sclerosis-like dis¬ 
ease, cerebral white matter involvement) (Biswas et al., 2001; 
see Chapter 33), and with the syndrome of Susac (hearing 
loss, corpus callosum involvement, multiple sclerosis-like dis¬ 
order, deep white matter lesions; see Chapter 35) (O’Halloran 
et al., 1998; Susac et al., 2003). Susac himself believed that his 
syndrome was a form of primary angiitis of the CNS, and empha¬ 
sizes that there are microinfarctions of the cortex, white matter, 
and leptomeninges on brain biopsies (Susac, 2004). The first pub¬ 
lished stroke patient (Patient 1; see Table 34.1 for the analysis 
of the 23 cases following) with APMPPE (Holt et al., 1976) 
was a 22-year-old man who, 3 weeks after a flu-like episode, 
developed bilateral middle cerebral artery (MCA) transient 
ischemic attacks (TIAs) (aphasia, right-side paresis; numb¬ 
ness and/or weakness of left arm). Tc-99 brain scan was 
normal (1973), but carotid angiograms showed "attenuation, 
lumen irregularity, and abrupt termination of various small 
opercular branches and distal cortical vessels of the bilateral 
MCAs,” and CSF analysis showed a pleiocytosis (Table 34.2). 
The neurological symptoms improved before the initiation of 
corticosteroids (3 weeks later). Another Tc-99 and rudimentary 
computed axial tomography-proven (1979) occipital infarct (con¬ 
tralateral hemianopia) in an 18-year-old (migrainous) man with 
APMPPE was published (Sigelman et al., 1979); again, carotid 
angiography showed multiple focal narrowing of MCA branches, 
whereas hyperproteinorachia with mild pleiocytosis were found 
on CSF. The first CT proven (occipital) stroke was further reported 
by Smith et al. (1983). All three cases fulfilled the criteria for the 
diagnosis of primary angiitis of the CNS (Lie, 1997). The fourth 
case (Patient 4) has been mistaken in the literature for recur¬ 
rent APMPPE-associated meningoencephalitis with an excep¬ 
tional long time interval of 5 years (Kersten et al., 1987). How¬ 
ever, the CSF analysis gave negative results for bacterial, fungal, 
and viral cultures, although it showed 151 WBCs with a predomi¬ 
nance of lymphocytes. CT scan and electroencephalogram (EEG) 
were normal, and corticosteroids (oral prednisone 100 mg/day) 
were initiated for a “presumed CNS vasculitis,” which produced 
a "dramatic improvement” of the patient's symptoms. As soon as 
prednisone was tapered, her symptoms recurred, corticosteroids 
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were re-initiated (prednisone 30 mg/day), and the patient expe¬ 
rienced abnormal movements (chorea). The second EEG showed 
bursts of diffuse slowing, and repeated spinal taps gave normal 
findings (4 WBC/mL), including cytology, and extensive repeated 
infection research (extended to Cryptococcus and tuberculo¬ 
sis), tuberculin skin test, and Lyme serologies were negative, as 
were antinuclear antibodies. The patient could not be weaned 
from corticosteroid treatment for 10 months, and a conven¬ 
tional four-vessel angiogram performed on steroid treatment was 
normal. 

To date, 20 additional cases with APMPPE and primary angiitis 
of the CNS (or CNS vasculitis in the setting of systemic vasculitis 
or sarcoidosis) and/or CVDs have been published (A1 Kawi et al., 
2004; Althaus etal., 1993; Bewermeyer etal., 1993; Bodiguel ef al., 
1992; Bugnone etal., 2006; Comu etal., 1996; deVries etal., 2006; 
Engelinus etal., 1999; Hammer etal., 1989; O’Halloranefa/., 2001; 
Reinthal etal., 2001; Stoll etal., 1991; Weinstein etal., 1988; Wilson 
etal., 1988), including one patient (Patient 7, Table 34.1) reported 
by personal communication from C. H. Smith to J. M. Weinstein 
(Weinstein etal., 1988). Their demographic data (age, gender, eth¬ 
nical APMPPE origin), headache and/or meningeal signs, clini¬ 
cal pattern of CNS insult, radiological and MB or necropsy find¬ 
ings, CSF analysis results (WBC/mL, protein content), latencies 
between diagnosis of APMPPE and CNS insult, outcome, and ther¬ 
apy are summarized in Table 34.1. Compared with patients with 
isolated APMPPE (Jones, 1995), APMPPE patients with CNS com¬ 
plications are slightly older (mean 30 ± 11 vs. 26.5 years), are 
usually men (20 cases, 87%) contrary to the aforementioned near 
equal male-to-female ratio for patients with APMPPE without CNS 
involvement, and are usually white (21/23, 91%); noteworthy, the 
two remaining cases were half-cast native American and Asian, 
respectively. 

Overall, patients showed the following classical prodromic 
symptoms at the time of APMPPE diagnosis: headache in nearly 
three-quarters (17, 74%) and flu-like symptoms in near one-third 
(7,30%). However, concomitant signs of meningeal irritation (nau¬ 
sea, vomiting, photophobia, stiff neck) were also present in nearly 
one-third (7, 30%), whereas signs of aseptic meningitis with ele¬ 
vated WBC (mean, 61 WBC/mL; range 5-177) were confirmed in 
86% of patients who underwent spinal tap (12/14), except patients 
5 and 18. Only one patient showed elevated red blood cells (RBC) 
(Patient 5) (Wilson etal., 1988). Furthermore, all but one (Patient 
14) (Engelinus et al., 1999) (93%, 13/14) showed signs of blood- 
brain barrier disruption with elevated protein content (mean, 1019 
mg/L; range 330-3000 mg/L). Overall, these findings are consis¬ 
tent with the diagnosis of PACNS. The CNS insult was inaugural in 
five cases (22%, 5/23), whereas the mean latency from diagnosis of 
APMPPE to CNS involvement was 11 weeks (range 0.5-48 weeks) 
in 17 cases (74%), with three of them recurrent CNS lesions: one 
recurrence within 12 weeks in Patient 6 (Weinstein et al., 1988) 
and 22 (Bugnone et al., 2006), and two recurrences at 8 and 12 
weeks, respectively, in Patient 13 (Case 1) (Comu etal., 1996). The 
remaining patient (Patient 4) (Kersten et al., 1987) had an excep¬ 
tional long latency of 5 years. 

The APMPPE-associated CVDs consisted in CVT with bilateral 
parietal hemorrhagic strokes with increased intracranial pressure 


(ICP) in one case (4%) (Patient 16, Case 1) (O’Halloran et al., 
2001), with favorable outcome following craniotomy and antico¬ 
agulation therapy, whereas brain biopsy gave normal results. Two 
other patients developed bilateral diffuse hemispheric ischemic 
infarctions with elevated ICP leading to death despite corticos¬ 
teroid therapy, related to confirmed granulomatous angiitis of the 
CNS (Patient 5) (Wilson etal., 1988), and suspected primary angi¬ 
itis of the CNS (Patient 8) (Hammer et al., 1989). Another patient 
with bilateral hemispheric ischemic infarcts correlating with con¬ 
firmed granulomatous angiitis of the CNS died in the setting of 
multisystemic granulomatous involvement (de Vries et al., 2006). 
Overall, the mortality of the present series was 13% (3/23). 

Overall, cortical territorial strokes occurred in nearly two-thirds 
of patients (70%, 16/23). The most frequent cortical arterial terri¬ 
tory involved in this series was the posterior cerebral artery (PCA), 
with occipital ischemic strokes (homonymous hemianopia) found 
inmorethanone-thirdofpatients (39%, 9/23), and which occurred 
as isolated infarcts in one-third of them: Patient 2 (Sigelman etal., 
1979), Patient 3 (Smith et al., 1983), and Patient 7 reported bySmith 
in Weinstein et al. (1988). Two cases developed secondary hem¬ 
orrhagic occipital strokes: Patient 6 (Weinstein et al., 1988) and 
Patient 13 (Case 1) (Comu etal., 1996). The remaining six patients 
had associated MCA territory (Patients 5,13,14,21, and 23) or deep 
infarcts (Patients 6 and 13). 

Territorial MCA ischemic infarcts, found in 30% of cases (7/23), 
occurred isolated (temporal) in only one patient (Patient 19) 
(O'Halloran et al., 2001), and were multiple (Patients 14, 21, and 
23), or multiple and bilateral (Patients 5,8, and 13); were associated 
with PCA (Patients 5,13,14,21, and 23) or anterior cerebral artery 
(ACA) (Patient 8); and were deep (Patient 13) ischemic strokes in 
the remaining cases. Bilateral MCA TIAs occurred in only one case 
(Patientl) (Holt etal., 1976). The pattern of deep infarcts occurred 
in 39% of cases (9/23), involving the deep white matter in three- 
quarters (77%, 7/9) (Patients 6, 9,10,12,15,18, and 22), and com¬ 
prising striatocapsular infarction in four (Patients 6, 13, 15, and 
22), pontine (Patients 9, 11, and 12) or thalamic (Patients 9, 12, 
and 18) ischemic stroke in three cases each, and bulbar (Patient 
15) or corpus callosum (Patient 22) infarct in one case each. Two 
of them had associated PCA (Patient 6) and both MCA and PCA 
(Patient 13) territorial strokes. 

Regarding the etiology of CVD complications in the present 
series, the diagnosis of primary angiitis of the CNS (Patients 4, 
8,13,14, and 20) and the subcortical type of primary angiitis of the 
CNS (Patients 15,18, and 22) could only be suspected in one-third 
of cases (8/23), because MRI, angiography, histology, and CSF were 
not available. In 57% of cases (13/23), the diagnosis of vasculitis 
of the CNS was confirmed by abnormal conventional angiogram 
in 77% (10/13), by brain biopsy in two (Patients 5 and 23), and by 
muscle biopsy in the remaining case (Patient 11). The vasculitis of 
the CNS subtype were the following: primary angiitis of the CNS 
(Patients 1, 2, 3, 6, 7, 17, and 21) in near half (54%, 7/13), subcor¬ 
tical PACNS (Patients 9 and 12), and true granulomatous angiitis 
of the CNS with Langerhans cells on brain histology (Patients 5 
and 23) in two cases each, and aspecific vasculitis (Patient 11) in 
the remaining patient. Two of them showed signs of a more mul¬ 
tisystemic vasculitic process: Patient 11 showed signs of vasculitis 
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(T cell-mediated) on muscle biopsy (Althaus et al., 1993; Bewer- 
meyer et al. } 1993), whereas Patient 23 had a multisystemic gran¬ 
ulomatous angiitis with Langhans cells on autopsy (de Vries et al., 
2006). One patient (Patient 10) had probable sarcoidosis (Bodiguel 
et al., 1992) (see Chapter 13), whereas no specific cause for the 
CVT could be found inPatient 16 withAPMPPE (O’l lalloran el al., 
2001 ). 

All but two patients (Patients 2 and 23) received corticosteroid 
therapy, including the latter patient with CVT, with additional 
azathioprine in three (Patients 9, 11, and 12), cyclophosphamide 
(Patients 13 and 17) or anticoagulation therapy (Patients 16 and 
21) in two cases each. Among the 20 survivors (80%), 80% of them 
(16/20; total, 70%, 16/23) showed a favorable outcome without 
neurological deficits, whereas three had partial resolution of symp¬ 
toms (Patients 6, 7, and 13), including two cases with persistent 
hemianopia (Patients 6 and 13). The remaining patient (Patient 
14) had an unknown outcome. 

Conclusion 

APMPPE, a rare multifocal choroidopathy syndrome charac¬ 
terized by choroidal occlusive vasculitis, affects young white 
adults (mean, 27 years old) and presents with blurring of vision 
after a flu-like episode. Various etiologies have been found 
(infectious/postinfectious; vaccinations; inflammations; autoim¬ 
mune diseases; vasculitis; paraneoplastic syndrome). The main 
differences with the two other “uveo-cerebral vasculitic syndrome” 
are the following: Eales diseases, an angiitis confined to retinal 
arteries involves rarely cerebral arteries, affects young men (range 
20-40 years) from India and the Middle East, whereas Susac's syn¬ 
drome, a microangiopathy of the retina, cochlea, and brain with 
frequent corpus callosum small infarctions, affects young women 
(mean 30 years). The neurological complications of APMPPE are 
headache, aseptic meningitis, encephalitis, multiple sclerosis-like 
disease, and pseudotumor cerebri. CVDs associated withAPMPPE 
consist of ischemic cortical strokes (70%) involving the PCA (39%) 
and the MCA (30%), and deep infarcts (39%) with striatocapsu- 
lar infarctions in nearly half of them. CVTs with lobar hemor¬ 
rhages are rare (4%). Vasculitis of the CNS, found in more then 
half of cases (57%), confirmed by abnormal angiogram in three- 
quarters of them, comprises primary angiitis of the CNS (half 
of cases), subcortical primary angiitis of the CNS, and granulo¬ 
matous angiitis of the CNS with Langerhans cells in 15% each. 
Elevated WBC (mean, 61 WBC/mL) and increased protein con¬ 
tent (mean, 1 g/L) were found in 86% and 93% of patients who 
underwent spinal tap, respectively. These CVDs and vasculitis of 
the CNS were the initial findings in 22% of cases, and appeared 
at a mean of 3 months after the diagnosis of APMPPE in 74% of 
patients. Classical prodromic symptoms such as headache and 
flu-like symptoms occurred in 74% and 30% of cases, respec¬ 
tively. Noteworthy, and contrary to patients with isolated APMPPE, 
these patients with vascular complications of the CNS were pre¬ 
dominantly men (87%). On corticosteroids in 91% of patients and 
additional immunosuppressive therapy (azathioprine, cyclophos¬ 
phamide) in a minority of them, the outcome was favorable in 
70% of patients, whereas persistent neurological deficits (hemi¬ 


anopia) and mortality were found in 13% of patients each, 
respectively. 

REFERENCES 

AlKawi, A., Wang, D. Z., Kishore, K., andKattah, J. C. 2004. A case of ischemic cere¬ 
bral infarction associated with acute posterior multifocal placoid pigment 
epitheliopathy, CNS vasculitis, vitamin B(12) deficiency and homocysteine- 
mia. Cerebrovasc Dis, 18,338-9. 

Althaus, C., Unsold, R., Figge, C., and Sundmacher, R. 1993. Cerebral compli¬ 
cations in acute posterior multifocal placoid pigment epitheliopathy. Ger J 
Ophthalmol, 2, 150-4. 

Anderson, K., Patel, K. R., Webb, L., and Dutton, G. N. 1996. Acute posterior mul¬ 
tifocal placoid pigment epitheliopathy associated with pulmonary tubercu¬ 
losis (letter). BrJOphthalmol, 80,186. 

Annesley, W. H., Tomer, T. L., and Shields, J. A. 1973. Multifocal placoid pigment 
epitheliopathy. Am J Ophthalmol, 76, 511-8. 

Azar, P., Gohd, R. S., Waltman, D., andGitter, K.A. 1975. Acute posterior multifocal 
placoid pigment epitheliopathy associated with adenovirus type 5 infection. 
Am J Ophthalmol, 80, 1003-5. 

Bewermeyer, H., Nelles, G., Huber, M., et al. 1993. Pontine infarction in acute 
posterior multifocal placoid pigment epitheliopathy. J Neurol, 241, 22-6. 

Biswas, J., Raghavendran, R., Pinakin, G., andArjundas, D. 2001. Presumed Eales’ 
disease with neurologic involvement: report of three cases. Retina, 21,141-5. 

Bodiguel, E., Benhamou, A., Le Hoang, R, and Gautier, J. C. 1992. Infarctus 
cerebral, epitheliopathie en plaques et sarcoidose. Rev Neurol (Paris), 148, 
746-51. 

Bodine, S. R., Marino, J., Camisa, T. J., andSalvate, A. J. 1992. Multifocal choroiditis 
with evidence of Lyme disease. Ann Ophthalmol, 24,169-73. 

Borruat, F. X., Piguet, B., and Herbort, C. P. 1998. Acute posterior multifocal pla¬ 
coid pigment epitheliopathy following mumps. Ocul Immunol Inflamm, 6, 
189-93. 

Brazis, P. W., Stewart, M., and Lee, A. G. 2004. The uveo-meningeal syndromes. 
Neurologist, 10,171-84. 

Brezin, A. P., Massin-Korobelnik, R, Boudin, M., Gaudric, A., andLeHoang, P. 1995. 
Acute posterior multifocal placoid pigment epitheliopathy after hepatitis B 
vaccine. Arch Ophthalmol, 113, 297-300. 

Bridges, W. J., Saadeh, C., and Gerald, R. 1995. Acute posterior multifocal placoid 
pigment epitheliopathy in a patient with systemic-onset juvenile rheuma¬ 
toid arthritis: treatment with cyclosporin A and prednisone. Arthritis Rheum, 
38, 446-7. 

Brown, M., Eberdt, A., and Ladas, G. 1973. Pigment epitheliopathy in a patient 
with mycobacterium infection. JPed Ophthalmol, 10, 278-81. 

Bugnone, A. N., Hartker, F., Shapiro, M., Pineless, H. S., and Velez, G. 2006. Acute 
and chronic brain infarcts on MR imaging in a 20-year-old woman with 
acute posterior multifocal placoid pigment epitheliopathy. AJNRAm JNeu- 
roradiol, 27, 67-9. 

Bullock, J. D., and Fletcher, R. L. 1977. Cerebrospinal fluid abnormalities in acute 
posterior multifocal placoid pigment epitheliopathy. Am J Ophthalmol, 84, 
45-9. 

Caccavale, A., and Mignemi, L. 2001. Fluorescein and indocyanine green angiog¬ 
raphy findings in a case of poststreptococcal syndrome with erythema 
nodosum and posterior uveitis. Retina, 21, 669-72. 

Chiquet, C., Lumbroso, L., Denis, P., etal. 1999. Acute posterior multifocal placoid 
pigment epitheliopathy associated with Wegener’s granulomatosis. Retina, 
19, 309-13. 

Clearkin, L. G., and Hung, S. 0.1983. Acute posterior multifocal placoid pigment 
epitheliopathy associated with transient hearing loss. Trans Ophthalmol Soc 
UK, 103, 562-4. 

Cornu, S., Verstraeten, T., Rinkoff, J. S., and Busis, N. A. 1996. Neurological man¬ 
ifestations of acute posterior multifocal placoid pigment epitheliopathy. 
Stroke, 27, 996-1001. 

de Vries, J. J., den Dunnen, W. F., Timmerman, E. A., Kruithof, I. G., and De 
Keyser, J. 2006. Acute posterior multifocal placoid pigment epitheliopa¬ 
thy with cerebral vasculitis: a multisystem granulomatous disease. Arch 
Ophthalmol, 124, 910-3. 


244 




Acute posterior multifocal placoid pigment epitheliopathy 


Deutman, A. F., Oosterhuis, J. A., Boen-Tan, T. N., and Aan De Kerk, A. L. 1972. 
Acute posterior multifocal placoid pigment epitheliopathy. Pigment epithe¬ 
liopathy or choriocapillaritis. Br J Ophthalmol, 56 , 863-74. 

Dhaliwal, R. S., Maguire, A. M., Flower, R. W., and Arribas, N. P. 1993. Acute 
posterior multifocal placoid pigment epitheliopathy. An indocyanine green 
angiographic study. Retina, 13 , 317-25. 

Di Crecchio, L., Parodi, M. B., Saviano, S., and Ravalico, G. 2001. Acute posterior 
multifocal placoid pigment epitheliopathy and ulcerative colitis: a possible 
association. Acta Ophthalmol Scand, 79 , 319-21. 

Dick, D. J., Newman, P. K., Richardson, J., Wilkinson, R., and Morley, A. R. 1988. 
Acute posterior multifocal placoid pigment epitheliopathy and sarcoidosis. 
Br J Ophthalmol, 72 , 74-7. 

Dickinson, A. J., Rosenthal, A. R., and Nicholson, K. G. 1990. Inflammation of the 
retinal pigment epithelium: a unique presentation of ocular schistosomiasis. 
Br J Ophthalmol, 74 , 440-2. 

Engelinus, F., Rasquin, F., Blecic, S., and Zanen, A. 1999. [Placoid pigment epithe¬ 
liopathy and cerebral vasculitis: a clinical case]. Bull SocBeige Ophthalmol, 
274 , 41-6. 

Ferro, J. M. 1998. Vasculitis of the central nervous system. / Neurol, 245 , 766-76. 

Fishman, G.A., Baskin, M., andJednock,N. 1977. Spinal fluid pleocytosis in acute 
posterior multifocal placoid pigment epitheliopathy. Ann Ophthalmol, 
9 , 36. 

Foulds, W. S., and Damato, B. E. 1986. Investigations and prognosis in the retinal 
pigment epitheliopathies. Aust NZ J Ophthalmol, 14 , 301-11. 

Frohman, L. P., Klug, R., Bielory, L., Patti, J. C., and Noble, K. G. 1987. Acute 
posterior multifocal placoid pigment epitheliopathy with unilateral retinal 
lesions and bilateral disk edema. Am J Ophthalmol, 104 , 548-50. 

Furusho, F., Imaizumi, H., and Takeda, M. 2001. One case of Harada disease 
complicated by acute posterior multifocal placoid pigment epitheliopathy- 
like recurrence in both eyes. Jpn J Ophthalmol, 45, 117-8. 

Gass, J. D. 1993. Acute zonal occult outer retinopathy. Donders Lecture: The 
Netherlands Ophthalmological Society, Maastricht, Holland, June 19,1992. 
J Clin Neuroophthalmol, 13 , 79-97. 

Gass, J. D. 2000. The acute zonal outer retinopathies. Am J Ophthalmol, 130 , 
655-7. 

Gass, J. D. 2003a. Acute posterior multifocal placoid pigment epitheliopathy. 
1968. Retina, 23,177-85. 

Gass, J. D. 2003b. Are acute zonal occult outer retinopathy and the white spot 
syndromes (AZOOR complex) specific autoimmune diseases? Am J Oph¬ 
thalmol, 135 , 380-1. 

Gass, J. D., Braunstein, R. A., andChenoweth, R. G. 1990. Acute syphilitic posterior 
placoid chorioretinitis. Ophthalmology, 97 , 1288-97. 

Gass, J. D. M. 1968. Acute posterior multifocal placoid pigment epitheliopathy. 
Arch Ophthalmol, 80 , 177-85. 

Gass, J. D. M. 1983. Acute posterior multifocal placoid pigment epitheliopathy: 
a long-term follow up. In Management of Retinal Vascular and Macular 
Disorder, eds. S. L. Fine, and L. Owens. Baltimore, MD: Williams and Wilkins 
Co., pp. 176-81. 

Gordon, M. F., Coyle, P. K. and Golub, B. 1988. Eales’ disease presenting as stroke 
in the young adult. Ann Neurol, 24 , 264-6. 

Hammer, M. E., Grizzard, W. S., and Travies, D. 1989. Death associated with acute 
multifocal placoid pigment epitheliopathy. Arch Ophthalmol, 107 , 170-1. 

Hector, R. E. 1978. Acute posterior multifocal posterior pigment epitheliopathy. 
Am J Ophthalmol, 86, 424-5. 

Hedges, T. R. Ill, Sinclair, S. H., and Gragoudas, E. S. 1979. Evidence for vasculitis 
in acute posterior multifocal placoid pigment epitheliopathy. Ann Ophthal¬ 
mol, 11,539-42. 

Holt, W. S., Regan, C. D. J., andTrempe, C. 1976. Acute posterior multifocal placoid 
pigment epitheliopathy. Am J Ophthalmol, 81 , 403-12. 

Howe, L. J., Woon, H., Graham, E. M., et al. 1995. Choroidal hypoperfusion in 
acute posterior multifocal placoid pigment epitheliopathy. Ophthalmology, 
102 , 790-8. 

Hsu, C.T., Harlan, J. B., Goldberg, M. F., and Dunn, J. P. 2003. Acute posterior multi¬ 
focal placoid pigment epitheliopathy associated with a systemic necrotizing 
vasculitis. Retina, 23 , 64-8. 

Jacklin, H. N. 1977. Acute posterior multifocal placoid pigment epitheliopathy 
and thyroiditis. Arch Ophthalmol, 95 , 995-7. 


Jampol, L. M., and Becker, K. G. 2003. White spot syndromes of the retina: 
a hypothesis based on the common genetic hypothesis of autoimmune/ 
inflammatory disease. Am J Ophthalmol, 135 , 376-9. 

Jenkins, R. B., Savino, P. J., Pilkerton, A. R. 1973. Placoid pigment epitheliopathy 
with swelling of the optic disks. Arch Neurol, 29 , 204-5. 

Jimenez, P. E., Marsal, C., Velazquez, J. M., and Alvarez, A. 2003. [Eales’ disease 
with bilateral brain strokes and jaw-closing dystonia]. Neurologia, 18 , 750-3. 

Jones, N. P. 1995. Acute posterior multifocal placoid pigment epitheliopathy. 
BrJ Ophthalmol, 79 , 384-9. 

Katz, B., Wheeler, D., Weinreb, R. N., and Swenson, M. R. 1991. Eales’ 
disease with central nervous system infarction. Ann Ophthalmol, 23 , 
460-3. 

Kawaguchi, Y., Hara, M., Hirose, T., et al. 1990. A case of SLE complicated with 
multifocal posterior pigment epitheliopathy. Ryumachi, 30 , 396-402. 

Kersten, D.H.,Lessell,S., and Carlow, T.J. 1987. Acute posterior multifocal placoid 
pigment epitheliopathy and late-onset meningo-encephalitis. Ophthalmol¬ 
ogy, 94 , 393-6. 

Kim, R. Y., Holz, F. G., Gregor, Z., and Bird, A. C. 1995. Recurrent acute multifo¬ 
cal placoid pigment epitheliopathy in two cousins. Am J Ophthalmol, 119 , 
660-2. 

Kirkham, T. H., Ffytche, T. J., and Sanders, M. D. 1972. Placoid pigment 
epitheliopathy with retinal vasculitis and papillitis. Br J Ophthalmol, 56 , 
875-80. 

Kumaravelu, S., Johri, S., Mukherji, J. D., Poduval, R. G., and Bhandari, N. K. 2002. 
Eales’ disease with neurological manifestations. J Assoc Physicians India, 50 , 
596-8. 

Laatikainen, L. T., and Immonen, I. J. 1988. Acute posterior multifocal pla¬ 
coid pigment epitheliopathy in connection with acute nephritis. Retina, 8, 
122-4. 

Lie, J. T. 1997. Classification and histopathologic spectrum of central nervous 
system vasculitis. Neurol Clin, 15 , 805-19. 

Lowder, C. Y., Foster, R. E., Gordon, S. M., and Gutman, F. A. 1996. Acute posterior 
multifocal placoid pigment epitheliopathy after acute group A streptococcal 
infection. Am J Ophthalmol, 122 , 115-7. 

Lyness, A. L., and Bird, A. C. 1984. Recurrences of acute posterior multifocal 
placoid pigment epitheliopathy. Am J Ophthalmol, 98 , 203-7. 

Matsuo, T., Horikoshi, T., and Nagai, C. 2002. Acute posterior multifocal pla¬ 
coid pigment epitheliopathy and scleritis in a patient with pANCA-positive 
systemic vasculitis. Am J Ophthalmol, 133, 566-8. 

Matsuo, T., Nakayama, T., Koyama, T., and Matsuo, N. 1987. Multifocal pigment 
epithelial damages with serous retinal detachment in systemic lupus ery¬ 
thematosus. Ophthalmologica, 195, 97-102. 

Misra, U. K., Jha, S., Kalita, J., and Sharma, K. 1996. Stroke - a rare presentation 
of Eales’ disease. A case report. Angiology, 47, 73-6. 

O’Halloran, H. S., Berger, J. R., Lee, W. B., et al. 2001. Acute multifocal placoid 
pigment epitheliopathy and central nervous system involvement: nine new 
cases and a review of the literature. Ophthalmology, 108 , 861-8. 

O’Halloran, H. S., Pearson, P. A., Lee, W. B., Susac, J. O., and Berger, J. R. 1998. 
Microangiopathy of the brain, retina, and cochlea (Susac syndrome). A 
report of five cases and a review of the literature. Ophthalmology, 105 , 1038- 
44. 

Park, D., Schatz, H., McDonald, H. R., and Johnson, R. N. 1995a. Acute multifocal 
posterior placoid pigment epitheliopathy: a theory of pathogenesis. Retina, 
15 , 351-2. 

Park, D., Schatz, H., McDonald, H. R., and Johnson, R. N. 1995b. Indocyanine 
green angiography of acute multifocal posterior placoid pigment epithe¬ 
liopathy. Ophthalmology, 102 , 1877-83. 

Parmeggiani, F., Costagliola, C., D’Angelo, S., etal. 2004. Clear cell renal cell car¬ 
cinoma associated with bilateral atypical acute posterior multifocal placoid 
pigment epitheliopathy. Oncology, 66, 502-9. 

Priluck, I. A., Robertson, D. M., and Buettner, H. 1981. Acute posterior multifo¬ 
cal placoid pigment epitheliopathy. Urinary findings. Arch Ophthalmol, 99 , 
1560-2. 

Reinthal, E. K., Schlote, T., and Zierhut, M. 2001. [Neurological compli¬ 
cations in acute posterior multifocal placoid pigment epitheliopathy 
(APMPPE)-a review with case report]. Klin Monatshl Augenheilkd, 218 , 
756-62. 


245 



Uncommon Causes of Stroke 


Roberts, T. V., and Mitchell, P. 1997. Acute posterior multifocal placoid pig¬ 
ment epitheliopathy: a long-term study. Aust N Z J Ophthalmol, 25, 277- 
81. 

Ruiz Vinals, A. T., Buil Calvo, J. A., Martinez, G. O., and Castilla, C. M. 
2002. [Acute posterior multifocal placoid pigment epitheliopathy asso¬ 
ciated with Graves-Basedow’s disease]. Arch Soc Esp Oftalmol, 77, 
381-4. 

Ryan, S. J., and Maumenee, A. E. 1972. Acute posterior multifocal placoid pigment 
epitheliopathy. Am J Ophthalmol, 74,1066-74. 

Savino, P. J., Weinberg, R. J., Yassin, J. G., and Pilkerton, A. R. 1974. Diverse mani¬ 
festations of acute posterior multifocal placoid pigment epitheliopathy. Am 
J Ophthalmol, 77, 659-62. 

Schubert, H. D., Lucier, A. C., and Bosley, T. M. 1988. Pigmentary epitheliopathy, 
disc edema, and lead intoxication. Retina, 8,154-7. 

Sigelman, J., Behrens, M., and Hilal, S. 1979. Acute posterior mul¬ 
tifocal placoid pigment epitheliopathy associated with cerebral 
vasculitis and homonymous hemianopia. Am J Ophthalmol, 88, 919- 
24. 

Smith, C. H., Savino, P. J., Beck, R. W., Schatz, N. J., and Sergott, R. C. 1983. Acute 
posterior multifocal placoid pigment epitheliopathy and cerebral vasculitis. 
Arch Neurol, 40, 48-50. 

Spaide, R. F., Yanuzzi, L. A., and Slakter, J. 1991. Choroidal vasculitis in acute 
posterior multifocal placoid pigment epitheliopathy. Br J Ophthalmol, 75, 
685-7. 

Stanga, P. E., Lim, J. I., and Hamilton, P. 2003. Indocyanine green angiography in 
chorioretinal diseases: indications and interpretation: an evidence-based 
update. Ophthalmology, 110,15-21. 

Stoll, G., Reiners, K., Schwartz, A., et al. 1991. Acute posterior multifocal pla¬ 
coid pigment epitheliopathy with cerebral involvement. J Neurol Neurosurg 
Psychiatr, 54, 77-9. 

Susac, J. O. 2004. Susac’s syndrome. AJNRAm JNeuroradiol, 25, 351-2. 

Susac, J. O., Hardman, J. M., and Selhorst, J. B. 1979. Microangiopathy of the brain 
and retina. Neurology, 29, 313-6. 

Susac, J. O., Murtagh, F. R., Egan, R. A., et al. 2003. MRI findings in Susac’s syn¬ 
drome. Neurology, 61, 1783-7. 

Suzuki, S., Mizota, A., and chi-Usami, E. 2002. A case of hemophagocytic syn¬ 
drome with retinal changes resembling acute posterior multifocal placoid 
pigment epitheliopathy. Retina, 22, 219-22. 


Thomson, S. P., and Roxburgh, S. T. 2003. Acute posterior multifocal placoid 
pigment epitheliopathy associated with adenovirus infection (letter). Eye, 
17, 542-4. 

Toenjes, W., Mielke, U., Schmidt, H. J., Haas, A., and Holzer, G. 1989. Akute multi- 
fokale plakoide Pigmentepitheliopathie mit entzuendlichem Liquorbefund. 
Sonderform einer Borreliose? Dtsch med Wschr, 114, 793-5. 

Uthman, I., Najjar, D. M., Kanj, S. S., and Bashshur, Z. 2003. Anticardiolipin 
antibodies in acute multifocal posterior placoid pigment epitheliopathy. 
Ann Rheum Dis, 62, 687-8. 

Uyama, M., Matsunaga, H., Matsubara, T., etal. 1999. Indocyanine green angiog¬ 
raphy and pathophysiology of multifocal posterior pigment epitheliopathy. 
Retina, 19, 12-21. 

Van Buskirk, E. M., Lessell, S., and Friedman, E. 1971. Pigmentary epitheliopathy 
and erythema nodosum. Arch Ophthalmol, 85,369-72. 

Weinstein, J. M., Bresnik, G. H., Bell, C. L., etal. 1988. Acute posterior multifocal 
placoid pigment epitheliopathy associated with cerebral vasculitis. J Clin 
Neuroophthalmol, 8, 195-201. 

Williams, D. F., and Mieler, W. F. 1989. Long-term follow-up of acute multifocal 
posterior placoid pigment epitheliopathy. BrJ Ophthalmol, 73, 985-90. 

Wilson, C. A., Choromokos, E. A., and Sheppard, R. 1988. Acute posterior multi¬ 
focal placoid pigment epitheliopathy and cerebral vasculitis. Arch Ophthal¬ 
mol, 106, 796-800. 

Wolf, M. D., Alward, W. L., and Folk, J. C. 1991. Long-term visual function in acute 
posterior multifocal placoid pigment epitheliopathy. Arch Ophthalmol, 109, 
800-3. 

Wolf, M. D., Folk, J. C., and Goeken, N. E. 1990a. Acute posterior multifocal pig¬ 
ment epitheliopathy and optic neuritis in a family. Am J Ophthalmol, 110, 
89-90. 

Wolf, M. D., Folk, J. C., Panknen, C. A., and Goeken, N. E. 1990b. HLA-B7 and 
HLA-DR2 antigens and acute posterior multifocal placoid pigment epithe¬ 
liopathy. Arch Ophthalmol, 108, 698-700. 

Wright, B. E., Bird, A. C., and Hamilton, A. M. 1978. Placoid pigment epitheliopa¬ 
thy and Harada’s disease. Br J Ophthalmol, 62, 609-21. 

Yang, D. S., Hilford, D. J., and Conrad, D. 2005. Acute posterior multifocal pla¬ 
coid pigment epitheliopathy after meningococcal C conjugate vaccine. Clin 
Experiment Ophthalmol, 33, 219-21. 

Zuber, M., Blustajn, J., Arquizan, C., et al. 1999. Angiitis of the central nervous 
system. / Neuroradiol, 26,101-17. 


246 



35 


MICROANGIOPAIHY OF THE RETINA, INNER EAR, AND 
BRAIN: SUSAC'S SYNDROME 

Isabel Lestro Henriques, Julien Bogousslavsky, and Louis R. Caplan 


First reports and eponyms 

Two young women with a multifocal nonembolic occlusion of 
the retinal arteries, with brain involvement classified as proba¬ 
ble disseminated lupus erythematosus were described in 1973 
by Pfaffenbach and Hollenhorst. Other partial forms of what is 
nowadays considered Susac’s syndrome were described inpatients 
with retinal vascular occlusions and bilateral sensorineural hear¬ 
ing loss, but with no brain involvement (Delaney and Torrisi, 
1976). The complete clinical triad of encephalopathy, deafness, 
and retinal artery branch occlusions was first reported in 1979 
by Susac, including one patient observed in 1975 by Susac and 
another submitted by Selhorst. With the contribution of the neu¬ 
ropathologist Hardiman, they reported these patients as hav¬ 
ing a microangiopathy of the brain and retina (Susac et al., 
1979). 

During the 1980s, a total of 13 new patients were reported 
with similar descriptions (Bogousslavsky et al., 1989; Coppeto 
et al., 1984; Heiskala et al. } 1988; MacFadyen et al, 1987; Mass 
et al., 1988; Monteiro et al., 1985). Until then, all patients were 
women of childbearing age. The first description of a male patient 
appeared in 1996 referring to a 29-year-old man who presented 
with a triad and a comparable outcome concerning clinical and 
laboratory evaluation (Ballard et al., 1996). Early reports of sim¬ 
ilar syndromes, confined only to two systems (inner ear and 
retina or retina and brain), were published, but it is not cer¬ 
tain if they represent the same entity with atypical (incomplete) 
presentation or a different disease (Delaney and Torrisi, 1976; 
McCabe, 1979; Pfaffenbach and Hollenhorst, 1973; Susac et al., 
1979). 

Different designations of what is supposed to be the same clini¬ 
cal entity have been used. After it was designated as microangiopa¬ 
thy of the brain and retina, Coppeto et al. (1984) referred to it as 
an arterial occlusive retinopathy and encephalopathy. Mass et al. 
(1988) designated it as RED-M (Retinopathy, Encephalopathy, 
Deafness-associated Microangiopathy) syndrome, and Bogous¬ 
slavsky et al. (1989) as retinocochleocerebral arteriolopathy. 
Schwitter et al. (1992) referred to it as SICRET (Small Infarc¬ 
tion of Cochlear, Retinal, and Encephalic Tissue) syndrome. Since 
1994, after the review of the syndrome by Susac in Neurology 
(Susac, 1994), the eponym Susac’s syndrome is generally used in 
publications. 


Clinical features 


Prototypic case 

A Caucasian woman of childbearing age with no significant pre¬ 
vious history develops a subacute neurological syndrome with a 
triad of diffuse encephalopathy, neurosensory auditory dysfunc¬ 
tion, and retinal involvement, without evidence of systemic ill¬ 
ness. The course of the disease is self-limited, with three clinical 
bursts of disease activity, and achieves a “steady state” after 2 years 
with minimal neurological deficit including neurosensorial hear¬ 
ing deficit. No more bursts are observed, and deficits are stable 
in the long-term follow-up. Repeated laboratory data are negative 
for systemic diseases including connective tissue disease, proco¬ 
agulant states, infection, demyelinating disease, neoplasia, and 
current mechanisms of cerebral and retinal ischemia. 

Clinical presentation 

The triad of encephalopathy, hearing loss, and retinal artery 
branch occlusions usually develops in patients without any 
remarkable previous medical history. However, previous behav¬ 
ioral disturbances and personality changes a few weeks or 
months before the onset of other symptoms can be found, as 
well as headache that can be the presenting symptom. Diffuse 
encephalopathy with difficulties in auditory and visual percep¬ 
tion are common (Bogousslavsky et al. } 1989), and a smoother 
onset is also observed with the involvement of the brain, inner ear, 
and retina not always simultaneous. Psychiatric and cognitive dis¬ 
turbances, multifocal neurological symptoms, memory loss, and 
confusion can rapidly progress to dementia. 

Most published patients (more than 80) are Caucasian women, 
although Asian, South American, and Australian patients are also 
described (Murata etal., 2000; Saw ef al., 2000; Skacel et al., 2000). 
Age of patients varies between 8 and 58 years, but most of the 
patients are 20-40 years old when diagnosis is made (Delaney and 
Torrisi, 1976; Susac et al., 2007). Table 35.1 summarizes the main 
clinical features. 

Encephalopathy 

In one-quarter of patients, the first attack is preceded by 
slowly progressive personality and mental changes (Susac, 1994). 
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Table 35.1 Common clinical signs in Susac's syndrome 


Eye; Branch retinal arteriolar occlusions 
Hearing loss: Neurosensory, bilateral 

Encephalopathy: Personality / behavioral changes / headache 
Long tract signs 


Cognitive dysfunction is characterized by short-term memory loss 
and periods of apathy or disorientation. Prodromal symptoms 
of encephalopathy include headache and psychiatric features 
such as slowly progressive personality changes, with indiffer¬ 
ence, mood changes, eating disorders, bizarre behavior, or hallu¬ 
cinations (MacFadyen etal., 1987). Neuropsychological testing in 
one man suggested diffuse cerebral dysfunction, with presumed 
prominent involvement of reciprocal diencephalic-cortical pro¬ 
jections (Ballard etal., 1996).Primitive reflexes may also bepresent 
as well as long tract signs. Ataxic gait, pseudobulbar speech, dys- 
metria, hyperactive tendon reflexes, Babinski’s sign, and nystag¬ 
mus of vestibular or nonvestibular origin are the most commonly 
referred motor signs. Cranial nerve palsies (III, VI, VII), hemidyses- 
thesia, urinary incontinence, and hemiparesis are less fre¬ 
quent. Generalized tonic-clonic seizures and myoclonus may also 
occur. 


Retinopathy and hearing loss 

In Susac’s syndrome, diagnostic signs involve the retina. In most 
patients, the abnormalities are readily seen through an ordinary 
ophthalmoscope. Some retinal arteries are amputated whereas 
others are severely narrowed. The thickened arterial walls pro¬ 
duce a “light-streaking” effect. Multiple bilateral retinal branch 
occlusions can coexist. Fundoscopic examination shows arterio¬ 
lar occlusions with narrowing of arterioles, as well as signs of other 
ischemic changes in the affected vascular area, such as edema 
and increased vascular permeability (Figures 35.1 and 35.2). The 
macula may show a cherry-red appearance (Coppeto etal., 1984). 
Fluorescein angiography is often helpful in showing the vascular 



Table 35.2 Diagnostic criteria in Susac's syndrome 


Neurosensory hearing loss* 

Retinal branch arteriolar occlusion** 

Encephalopathy 

Central callosal MRI lesions*** 

* Bilateral neurosensory hearing loss, in low and medium frequencies. 
** Bilateral distal retinal branch arteriolar occlusions with arterial nar¬ 
rowing, and microvascular lesions showing increased vascular perme¬ 
ability. 

*** Supports the diagnosis when only two of the triad features are 
present. 



Figure 35.2 Left optic fundus: perimacular edema and arteriolar occlusion. 


occlusions and leaking into the retina. When the occlusions are 
limited to the peripheral branches of the retinal artery, there may 
be no visual loss and fundoscopy may be normal. 

Auditory and visual involvement may not occur at the same time 
in the course of the disease, and maybe delayed in relation to motor 
dysfunction. Auditory dysfunction consists of a progressive diffi¬ 
culty in perceiving low- to medium-frequency sounds, with uni- 
or bilateral involvement, or it might be asymptomatic and only 
found in the audiogram. Vertigo, nausea, and tinnitus may also 
occur; vertigo is most likely from microinfarction in the vestibular 
labyrinth (Ballard et al., 1996). The loss of low- and moderate- 
frequency tones is thought to result from microinfarction of the 
apical portions of the cochlea, which are supplied by end arteri¬ 
oles of the inner ear (Monteiro et al., 1985). Suggested diagnostic 
criteria are given in Table 35.2. 

Bursts and "steady state" 

The initial symptoms generally improve with or without treatment. 
Weeks or months later, a second “burst” (subacute worsening of 
symptoms) may occur, leading to further deterioration. After each 
burst, there is a tendency towards remission, but the degree of 
recovery is variable. On fundoscopy, it is occasionally possible to 
observe a partial reopening of previously occluded artery branches 
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(Wildemann et al., 1996); on MRI, at least one patient showed dis¬ 
appearance of hypersignal images on T2, 2 years after onset (Mala 
etal. , 1998). The reported number of symptomatic worsenings was 
between 1 and 8 times, appearing with an interval of 1-34 months 
between attacks. 

A “final stage” is often achieved at after a period varying from 
1 to 8 years, although one reported patient had a recurrence after 
18 years (Petty etal., 2001). Most patients spontaneously improve, 
but it is common that they remain with some degree of handicap 
(commonly gait difficulties and auditory and visual deficits) that 
stays stable for the rest of their lives. These deficits vary from slight 
pyramidal signs to complete dependency upon others. Although 
the natural history of the condition is unknown, the disease seems 
to have a self-limited multiphasic course, in most instances. 

Pathology and pathogenesis 
Pathology 

Pathological specimens were obtained from frontal cortical white 
matter biopsies and from autopsies (Petty etal., 2001). Patholog¬ 
ical material showed the presence of microinfarcts in the terri¬ 
tories of the end arterioles of the brain (both in white and gray 
matter), the retina, and the inner ear (Bogousslavsky et al., 1989; 
Gordon et al., 1991; Heiskala et al., 1988; Monteiro et al., 1985). 
The most significant findings include multiple foci of necrosis in 
the cerebral cortex and white matter, with loss of neurons, axons, 
and myelin, as well as diffuse proliferation of hypertrophied astro¬ 
cytes in the white matter, especially around the small vessels. The 
walls of small arterioles were thickened and surrounded by an 
abnormal reticulin network. The normal capillary network was 
destroyed and replaced by fragmented material, with thickened 
arteriolar segments staining intensely for laminin and fibronectin. 
These findings suggested the concept of a new type of brain, inner 
ear, and retinal microangiopathy (Heiskala et al., 1988). Mini¬ 
mal nonspecific periarteriolar chronic inflammatory cell infiltra¬ 
tion with or without microinfarcts (Petty et al., 2001). Electronic 
microscopy showed very thick basal lamina in the capillary walls. 
There was no evidence of amyloid angiopathy. Some of these biop¬ 
sies were performed after different treatments were prescribed, 
including steroids, so the interpretation of the minimal perivas¬ 
cular inflammation changes may have been influenced by prior 
treatment. 

Pathology of other organs showed no associated disease except 
for microangiopathy in muscle biopsy specimens (Ballard et al., 
1996; Petty et al., 2001); in all other patients, the arteriopathy 
was circumscribed to a cephalic localization. Cerebral biopsies 
are described in Table 35.3. 

Mechanism of arteriolar occlusion 

Small-vessel diseases are responsible for a large amount of 
ischemic and hemorrhagic strokes as well as encephalopathies 
including Susac’s syndrome. However, in Susac’s syndrome, all 
pathological evidence converges to the presence of a typical lesion, 
the arteriolar occlusion, but the exact mechanism of occlusion 


Table 35.3 Brain biopsies in Susac's syndrome 


Case 1: Sclerosis of the media and adventitial and cortical vessels, 
consistent with a “healed” angiitis. 

Case 2: Numerous microinfarcts (500-p.m maximum diameter) in the 
gray matter. No evidence for inflammation. Small vessels with 
muscular walls present within most of the infarcts, possibly 
precapillary arterioles. Reactive astrocytic gliosis associated with 
the infarcts. No infarct in white matter. Leptomeninges without 
abnormality. 

Case 3: Microinfarcts in the white and gray matter (500-p.m maximum 
diameter) with loss of neurons, axons, and myelin and proliferation 
of hypertrophic astrocytes. Walls of several small arterioles were 
thick and surrounded by an abnormal reticulin network and 
occasional lymphocytes. Normal capillary network was destroyed 
and replaced by fragmented material reactive to antibodies for 
laminin and fibronectin. Electronic microscopy showed a thick 
basal lamina. 

Case 4: Moderate gliosis with neuronal loss, suggesting chronic 
hypoxic changes. Slightly thickened blood vessels, possibly only 
cortical tissue involved. No amyloid deposits, fibrosis, or hyalinosis 
was present. 

Case 5: Foci of necrosis and minimal perivascular infiltration of small 
blood vessels by mononuclear cells. 

Case 6: Mild arteriolar wall sclerosis without vasculitis in 
leptomeningeal and small cortical arterioles. 

Case 7: Chronic organizing multifocal microinfarcts in the white 
matter, in association with focal acute ischemic neuronal necrosis 
in the gray matter.* 

Case 8: Microinfarcts of different ages with tiny foci of eosinophilic 
ischemic neurons in the cerebral cortex and perivascular 
rarefaction, breakdown of axons and accumulation of foamy 
macrophages in the white matter. 

* Muscle biopsy showed inflammatory and occlusive microangiopathy. 


is unknown. There is no evidence supporting a true vasculitis, 
although the clinical evolution with fluctuations could suggest 
it. There has been no evidence for a coagulopathy except in one 
female heterozygote for the factor V Leyden mutation and another 
one with a protein S deficiency (Cafferty etal., 1994). The Leyden 
mutation occurs in about 5% of the population and, although asso¬ 
ciated with thrombosis, is not associated with microangiopathy. 

The localization of the infarcts, limited to the brain, eye, and 
ear, may be related to the common embryologic origin of these 
tissues (Monteiro et al., 1985), with a common endothelium and 
similar barriers like the blood-brain barrier, where antigens might 
act and cause delayed arteriolar occlusion. Most arguments favor 
a disease of the vascular wall as an etiology for this syndrome (Mala 
etal., 1998). 

Pathological findings suggest a specific vascular disease of small 
arterial vessels. Retinal fluorescence angiography is also consistent 
with the hypothesis of microvascular lesions that cause increased 
vascular permeability, and the mechanism of arterial occlusion is 
more consistent with thrombosis rather than embolism. Recent 
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pathological studies have shown endothelial changes that are typ¬ 
ical of an antiendothelial cell injury syndrome. Elevated levels 
of Factor VIII and von Willebrand factor antigen may reflect the 
endothelial perturbation. 

Pathogenesis 

Although the etiopathogenesis of this entity remains unknown, 
several hypotheses have been considered. The first reports showed 
clinical similarities with central nervous system vasculitis, and 
a diagnosis of cerebral systemic lupus erythematosus (SLE) was 
proposed (MacFadyen et al., 1987; Pfaffenbach and Hollenhorst, 
1973), but no reported case fulfilled the criteria for SLE. 

Another hypothesis was that of an immune-mediated process. 
Increase in cerebrospinal fluid (CSF) protein content, erythrocyte 
sediment rate, and in the Leu 3a/Leu 2a ratio (with a decrease 
in Leu 7) in the first patient of Bogousslavsky et al. (1989), sug¬ 
gested an immunological dysfunction, despite the negativity of 
all other immunological markers. Intra-arterial thrombosis and 
occlusion could be induced by circulating immune complexes. A 
process directed primarily against the small vessels through anti¬ 
bodies against the endothelial antigens is plausible, but antibodies 
directed against endothelial antigens were not observed in human 
models ofvasculitic syndromes (Coppeto et al. } 1984; Moore and 
Cupps, 1983). 

The hypothesis of an atypical viral infection, triggering subse¬ 
quent pathological or immunological changes, has also been pro¬ 
posed. This theory was supported by the case of an anencephalic 
fetus from a mother who became pregnant 2 months after the first 
burst of the disease. She had a sore throat and skin rash with fever 
before the development of the first signs (Coppeto etal., 1984). 

An iatrogenic origin linked to fenfluramine has also been sug¬ 
gested. Fenfluramine is an anorectic drug that can injure sero- 
toninergic neurons and cause a transient decrease in dopamine 
turnover in the rat brain (Zaczek etal., 1990). This drug was taken 
by both patients of Schwitter et al. (1992) before the onset of the 
disease. 

Pregnancy in this age group can be just coincidental, but was 
also thought to be a possible contributing factor. Puerperium is 
known as a period during which an increased tendency for throm¬ 
bosis exists (Davidson et al., 1963). No laboratory test supported 
this theory. In contrast, the reactivation of symptoms in the post¬ 
partum period (Patient 2 of Coppeto etal., 1984) is another argu¬ 
ment suggesting that an immune-mediated mechanism may be 
involved. 

One patient with Susac’s syndrome showed concomitant fea¬ 
tures of a vasospastic syndrome, including prolonged flow arrest 
time after cooling shown by microscopic examination of the nail 
bed, increased resistivity by Doppler in orbital vessels, increased 
plasma endotelin-1 level, as well as history of cool hands, migraine, 
and low blood pressure, suggesting that Susac’s syndrome might 
be another manifestation of a widely vasospastic syndrome (Flam- 
mer etal., 2001). 

The etiology of the disease remains unknown, but the reversibil¬ 
ity of some of the lesions is an indirect argument in favor of a 
nondestructive process (Coppeto et al., 1984). Despite extensive 


investigation including autopsies, there has never been strong 
evidence for systemic disease, and the pathogenesis remains 
unclear. 

Diagnosis 

Diagnosis is easier when the triad of encephalopathy, hearing 
loss, and retinal artery occlusion is present. There is mid- to-low- 
frequency uni- or bilateral sensorineural hearing loss, as well as 
retinal arterial occlusions without keratoconjunctivitis or uveitis 
and small increased signal foci in T2-weighted MRI of the brain, 
in the gray and white matter. The localization of these T2 images 
in white matter seldom involves the corpus callosum. However, a 
considerable proportion of patients do not have the clinical triad at 
the time of onset. Hearing loss can be subclinical and so not recog¬ 
nized. MRI features in the corpus callosum can support the diag¬ 
nosis in patients with two of the three features of the triad (Susac 
et al., 2003). Therefore, patients with unexplained encephalopa¬ 
thy should have a careful and thorough fundoscopic examination 
of the retina, and an audiogram should be performed, in order to 
exclude this probably underdiagnosed vasculopathy. 

Brain imaging 

MRI is the neuroimaging study of choice and fluid-attenuated 
inversion recovery (FLAIR) a sensitive sequence for detecting 
lesions of Susac’s syndrome as well as to show their heterogeneity 
(Susac et al., 2007; White et al., 2004). Findings include, typically, 
multiple small hyperintense foci in T2-weighted images and con¬ 
trast enhancement, in the gray and white matter of supra- and 
infratentorial structures. Large round lesions (snowballs) and lin¬ 
ear ones (spokes) can also dominate MRI findings (Susac et al., 
2007). 

In a review of the MRI findings in 27 patients, Susac etal. (2003) 
found multifocal supratentorial white matter lesions that included 
the corpus callosum in all patients, and there was often involve¬ 
ment of the cerebellum, brachium pontis, and brainstem. The cor¬ 
pus callosal lesions are typically small and involve central fibers 
with relative sparing of the periphery. Acute callosal lesions that 
develop during the acute period of symptom worsening are often 
replaced by a punched out appearance that looks like holes on 
follow-up MRI scans (Susac et al., 2003; Xu et al., 2004). These 
central callosal lesions differ from those in demyelinating disease 
and were considered by some authors to be so specific for Susac’s 
syndrome (Gross amd Eliashar, 2005; Susac etal., 2007) that their 
existence could support the diagnosis when only two of the triad 
features are present (Susac et al., 2003, 2007). Leptomeningeal 
involvement is also present in up to one-third of patients (Gross 
and Eliashar, 2005). 

Serial MRI with diffusion-weighted imaging (DWI) and apparent 
diffusion coefficients (ADCs) show that size and number of lesions 
change over time, and that with disease progression ADC in the 
nonlesional white matter changes from normal to elevated (Susac 
etal., 2007; White ef al., 2004). Cerebral and cerebellar atrophy are 
also found on later scans. 
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Fluorescein retinal angiography 

Bilateral distal branch retinal occlusions are present in the fluo¬ 
rescein retinal angiography (as well as observed on fundoscopy), 
which may show the pathognomonic multifocal fluorescence. 
Gass plaques are frequently present and reflect endothelial dam¬ 
age. Branch occlusions should not be misdiagnosed nor con¬ 
founded with retinal artery wall plaques. These wall plaques exist 
together with retinal artery branch occlusions. The plaques locate 
usually away from retinal bifurcations, at the mid-arteriolar seg¬ 
ments (Egan et al., 2003). In some cases, retinal vessel wall hyper¬ 
fluorescence can be noted days prior to retinal infarction (Notis 
etal., 1995). 

Tonal audiometry 

Mid- to low-frequency uni- or bilateral sensorineural hearing loss 
is the common pattern. 

Laboratory data 

Although extensively studied, the only common CSF abnormality 
is an elevated protein content. In some patients the protein con¬ 
tent can be quite high. Oligoclonal bands are negative. Immuno¬ 
logical laboratory parameters, microbiology, or virology studies 
are also negative. However, some patients have elevated levels of 
Factor VIII and von Willebrand factor antigen, probably reflecting 
the endothelial perturbation (Susac etal., 2007). 

Differential diagnosis 

Differential diagnosis is extensive. Misdiagnoses include multiple 
sclerosis, but differential diagnosis must be done with all causes of 
multifocal neurologic symptoms with hearing and/or visual loss. 
Because some patients do not have the clinical triad at the time of 
onset of symptoms, the disease is often underdiagnosed. 

Cogan's syndrome 

This is a rare clinical syndrome that affects mostly young adults and 
causes progressive deafness. It is characterized by sudden-onset 
interstitial keratitis (photophobia, lacrimation, and eye pain) 
and vestibuloauditory dysfunction, usually bilateral, with tinni¬ 
tus, acute vertigo episodes, and sensorineural hearing loss. See 
Chapter 37. 

Brown-Vialleto-Van Laere syndrome 

Pontobulbar palsy with deafness is a rare disorder with bilateral 
neurosensorial deafness and cranial disorders including motor 
components of the lower cranial nerves. Familiar and sporadic 
cases have been described, and autoimmune mechanisms have 
also been considered. 


Multiple sclerosis 

The MRI findings of multiple focal lesions in the corpus callosum 
and subcortical white matter can be misdiagnosed as multiple 
sclerosis. Age of onset and sex predominance are similar as well as 
MRI lesions in the subacute phase, but the CSF does not show typ¬ 
ical oligoclonal bands, the number of bursts and the deterioration 
are usually limited in Susac’s syndrome, extending the disease pro¬ 
cess over a 1- to 3-year period before remission. Chronic lesions on 
MRI differ from those of multiple sclerosis: lesion size is smaller, 
number is higher, and location differs. On DWI MRI, new lesions 
are hyperintense, with reduced ADC. Later, these lesions become 
hypointense or less prominent on subsequent DWI MRI. Concern¬ 
ing the visual abnormalities, visual fields showed no retrobulbar 
optic neuropathy or retinal periphlebitis. Hearing loss and arteri¬ 
olar occlusive retinal disease are rare in multiple sclerosis. Serial 
DWI and ADC maps may help to differentiate Susac’s syndrome 
from demyelinating disease (Xu etal., 2004). 


Acute disseminated encephalomyelitis (ADEM) 

When the age of onset is young adulthood, ADEM must be included 
in the differential diagnosis. ADEM begins abrupdy, the lesions 
are larger, and retinal and auditory findings are rare. The full triad 
in Susac’s syndrome only develops years after the initial clinical 
presentation (Hahn etal., 2004). 


SIE 

Seronegative cerebral type SLE was one of the first diagnoses pro¬ 
posed for this syndrome (MacFadyen etal., 1987; Pfaffenbach and 
Hollenhorst, 1973). There were previous reports of multiple reti¬ 
nal artery occlusions in SLE patients (Bishko, 1972; Coppeto and 
Lessell, 1977; DuBois, 1974; Estes and Christian, 1971; Gold etal., 
1977; Johnson and Richardson, 1968; Kayazawa and Honda, 1981; 
Wong et al., 1981). Although SLE can cause cerebral and retinal 
ischemia, retinal involvement is a rare complication of SLE, even 
more rare when there is CNS involvement. None of the patients 
had positive anti-nuclear antibody determinations or LE cells. 


Polyarteritis nodosa (PAN) 

Classic PAN is a multisystem disease involving all the organs except 
the lung and spleen (Blau et al., 1977; Cupps and Fauci, 1981; 
Travers et al., 1979). Ocular and auditory deficits may be present 
(Dick et al., 1972; Moore and Sevel, 1966; Peitersen and Carlson, 
1966). CNS abnormalities occur in 20%-40% of patients. Com¬ 
mon CNS presentations are diffuse encephalopathy with focal or 
multifocal brain or spinal cord involvement caused by vasculitis. 
Symptoms may resolve spontaneously over weeks, and recurrence 
is unusual. Blurred vision and vision loss are common symptoms 
of affected choroid or retinal vessels, but more often choroidal. 
Untreated patients with PAN have only a 13% survival rate at 
5 years. 
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Wegener granulomatosis 

Wegener granulomatosis is a systemic necrotizing vasculitis with 
granulomatous vasculitis of the respiratory tract with or without 
glomerulonephritis (Fauci and Wolff, 1973; Wolff etal., 1974).Neu¬ 
rologic symptoms occur in 20-50% of untreated patients (Ander- 
sonetal., 1975; Drachman, 1963). Involvement of cranial nerves II 
and VIII is possible by a compressing granuloma or by ischemia. 
There is no evidence that hearing loss in Susac’s syndrome is due to 
nerve VIII involvement. Slight changes in cognitive function may 
occur. Seizures, stroke, and encephalopathy are late complications 
in untreated patients. 

Hypersensitivity vasculitis 

Hypersensitivity vasculitis, including allergic vasculitis and drug- 
induced vasculitis, should also be considered. Neurological, as 
well as inner ear and retinal, involvement is rare. Commonly, skin 
and small veins are involved. Concerning iatrogenic cases, CNS 
arteritis has been described in patients with a history of drug 
abuse; these include anorectic drugs, particularly amphetamines. 
In angiography, typically beaded arteries appearance is common. 

Isolated angiitis of the CNS can have the same early manifes¬ 
tations and CSF changes. Vision loss is possible but related to 
decompensated papilledema (Susac et al, 1979). Retinal arteri¬ 
ography can be normal. Nevertheless, it is usually a fatal disease, 
with small artery and vein involvement and a necrotizing vasculi¬ 
tis on brain biopsy. Retinal occlusions are uncommon, and brain 
biopsy is required for the diagnosis (Cogan, 1969). 

CNS infections 

Several infections can originate multifocal signs. Posterior fossa 
meningitis may appear with cranial nerve signs. CSF may 
help in the diagnosis. Syphilis can occasionally cause retinal 
periphlebitis and neurological involvement (Delaney and Torrisi, 
1976). Labyrinthitis has been reported and is accompanied by 
hearing loss over months or years. 

Cerebral autosomal dominant arteriopathy with 
subcortical infarcts and leukoencephalopathy 
(CADASIL) 

CADASIL is also a small-vessel disease of the brain that has a hered¬ 
itary nature, and it is caused by mutations in the Notch3 gene. 
Notch genes are now known to be important for endothelial and 
smooth muscle cells to form arteries and veins (Rigelstein and 
Nabavi, 2005). CADASIL patients may have retinal changes, but 
on fundoscopy just foveal telangiectasias do occur. Diagnosis can 
be made reliably by cerebral MRI, skin biopsy, or genetic testing. 

Other 

Other differential diagnoses for patients with microangiopathy of 
the retina, inner ear, and brain, include diseases like Usher’s syn¬ 
drome (retinopathy pigmentosa and labyrinthitis with deafness, 


transmitted as a recessive trait), Vogt-Koyanagi-Harada’s syn¬ 
drome (deafness with blindness that results from diffuse exuda¬ 
tive choroiditis and retinal detachment), Rocky Mountain spotted 
fever (that can lead to necrosis of retinal vascular walls), Nome’s 
disease, orTakayasu’s disease (Bruyn and Went, 1964; Delaney and 
Torrisi, 1976; Haynes etal., 1980; Vernon, 1969; Wilson etal, 1979). 
Mitochondrial encephalomyopathies with progressive sen¬ 
sorineural hearing loss, like classic or multisystem Kearns-Sayre 
syndrome, MELAS (mitochondrial myopathy, encephalopathy, 
lactic acidosis, and stroke-like episodes), or Friedreich ataxia 
should also be included in the differential diagnosis (Zwirner and 
Wilichowski, 2001). 

Investigations 

Patients have been extensively investigated in order to exclude 
diseases that may mimic some aspects of this syndrome. Apart 
from routine examinations (biochemistry, hemoleukogram, uri¬ 
nalysis, chest x-ray, echocardiogram), some other investigation is 
recommended including CSF studies (elevated protein and mini¬ 
mal cell content), cerebral MRI (normal or showing multiple areas 
of increased signal on T2-weighted images, both in white and gray 
matter), neuropsychological examination, audiogram (neurosen- 
sorial bilateral asymmetrical hearing loss, more intense for low 
and medium frequencies), brainstem auditory evoked potentials, 
fundoscopy (peripheral ophthalmoscopy), and retinal angiogra¬ 
phy (retinal branch arteriolar occlusions frequently bilateral, with 
artery narrowing and microvascular lesions showing increased 
vascular permeability). 

Laboratory tests, to exclude a vasculitis or infectious disease are 
also negative. CT scan shows no lesions or discrete to mild general¬ 
ized atrophy. CT is considered unnecessary when MRI is available. 



Figure 35.3 MRI: spots of hyperintense signal in subcortical white matter. 
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Neither CT nor cerebral angiography detect lesions that explain 
the higher cortical function disorders. The small size of the lesions 
may be responsible for that (Coppeto efaZ., 1984) (Figure 35.3). The 
predominance of microinfarcts in white matter may contribute 
to the difficulty in the differential diagnosis with multiple sclero¬ 
sis. On MRI, lesions are enhanced by gadolinium in the subacute 
phase, and brain atrophy is common in the chronic stadium. Elec¬ 
troencephalogram performed in the encephalopathic phase is dif¬ 
fusely slow (Susac, 1994). Indication for brain biopsy is individual, 
considering both the lack of knowledge on etiopathogenic mech¬ 
anisms and on effective treatment. Peripheral ophthalmoscopy is 
obligatory (Coppeto etal., 1984). 

Management 

The natural history of the disease is unknown and, because the 
disease is mainly self-limited, treatment side effects and expected 
benefit must seriously be taken into account. As it is common 
in rare diseases, treatment trials are not available, so therapy 
remains empirical, symptomatic, and based on anecdotal case 
reports as well as “personal experience." However, corticother- 
apy and immunosuppressive agents such as cyclophosphamide 
and azathioprine, plasmapheresis, and intravenous immunoglob¬ 
ulins have been used, based on the presumption that an immune- 
mediated mechanism maybe involved. Calcium channel blockers 
(nimodipine), anticoagulants, and aspirin may also be useful. 

Steroid therapy seems to achieve clinical improvement, at least 
temporarily, in most patients. Some authors advise corticosteroids 
as first-line treatment (Petty et al., 2001). Immunosuppressive 
therapy is used alone or in association with steroids, with some 
favorable results reported. However, the benefit of prolonged 
immunosuppressive therapy is not established. The benefit of 
plasmapheresis, used together with oral cyclophosphamide in 
patients clinically deteriorating, although not proven can be effec¬ 
tive in some cases. 

Treatment with anticoagulants is rarely effective. Wildemann 
et al. (1996) reported clinical improvement in a patient with a 
combined therapy using an antiplatelet drug (ASA) and the cal¬ 
cium antagonist agent nimodipine. A possible mechanism for the 
effect of nimodipine includes increased cerebral blood flow related 
to vasodilatation. Improvement with hyperbaric oxygen therapy, 
together or not with corticoids, was described for visual and hear¬ 
ing symptoms, based on similar results in other sudden-onset 
vision or hearing losses ( lletal ., 1996; Narozny et al., 2004). 

Neither the number of patients described nor the severity of 
individual symptoms permit randomization of therapy. As spon¬ 
taneous recovery and remission are reported (Susac, 1994), treat¬ 
ment efficacy is even more difficult to evaluate, but might include 
comparison to placebo. Recent imaging studies emphasize the dis¬ 
ruption of white matter connections in the pathogenesis of cog¬ 
nitive impairment in acquired small-vessel diseases, suggesting 
therapeutic benefits of acetylcholinesterase inhibitors. It is not 
known if this presumption is applicable for patients with Susac’s 
syndrome. 

The main clinical outcome measures for therapeutic interven¬ 
tions should be return of vision, recovery of auditory function, 


improvement of psychiatric and neurological symptoms, and 
changes in MRI (O’Halloran ef al., 1998). 

The only consensus in therapy is rehabilitation, including 
vestibular rehabilitation and hearing aids, when required. New 
effective therapeutic approaches are difficult to establish while 
further knowledge concerning the pathogenesis of the disease is 
not available. 
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HEREDITARY ENDOTHEIIOPATHY WITH RETINOPATHY, 
NEPHROPATHY, AND STROKE (HERNS) 

Joanna C. Jen and Robert W. Baloh 


Background 

Grand et al. (1988) reported an American family with a cere- 
broretinal vasculopathy (CRV) with recurrent strokes and visual 
loss due to characteristic retinal capillary abnormalities. Shortly 
afterward, Gutmann et al. (1989) described another American 
family with a similar syndrome of progressive visual loss and 
leukoencephalopathy without other organ involvement. In 1997, 
we reported a large Chinese family that presented with a hereditary 
vasculopathy similar to CRV with subcortical leukoencephalopa¬ 
thy and retinopathy but that also had renal dysfunction (Jen 
etal., 1997). Ultrastructural studies identified characteristic alter¬ 
ations of vascular basement membranes not previously described; 
therefore, the syndrome was named hereditary endotheliopa- 
thy with retinopathy, nephropathy, and stroke (HERNS). Finally, 
Terwindt et al. (1998) described a Dutch family with hereditary 
vascular retinopathy (HVR) with microangiopathy of the retina 
similar to the above noted families, but without central nervous 
system involvement. Recently, a genome-wide linkage analysis of 
the Dutch family with HVR mapped the disease locus to chro¬ 
mosome 3p, which was also consistent with linkage in CRV and 
HERNS, suggesting that they are allelic syndromes (Ophoff et al., 
2001) (Table 36.1). Mutations in TREX1, a gene that codes for a 3'-5' 
DNA exonuclease, were found in all of these families (Richards 
etal., 2007). 


Clinical characteristics 

HERNS typically begins with progressive visual loss in the third 
or fourth decade of life followed by focal neurological deficits 
within 4-10 years. The visual loss begins in the central vision with 
decreased visual acuity. Blind spots in the visual field are also com¬ 
mon. Many affected individuals report long-standing psychiatric 
symptoms such as depression, anxiety, and paranoia with onset 
as early as the second decade of life. Stroke-like episodes occur 
in most, and in some are the presenting symptoms. Often the 
stroke will progress over several days before reaching its com¬ 
pleted stage. Later in the disease, signs of multifocal cortical and 
subcortical involvement such as dysarthria, hemiparesis, apraxia, 
ataxia, and dementia are common. More than half of patients 
report migraine headaches. About half of the patients have evi¬ 
dence of renal dysfunction including azotemia, proteinuria, and 
hematuria. 



Figure 36.1 Mid-venous phase fluorescein angiogram from Patient 310 in 
Pedigree 1 demonstrating areas of macular capillary drop-out as well as dilated 
tortuous telangiectatic vessels and capillary shunts. (Jen et al., 1997, with 
permission from Lippincott, Williams & Wilkins.) 

Diagnosis 

Ophthalmologic examination 

There is a characteristic retinal vasculopathy that is most promi¬ 
nent in the macular region. Drop-out of macular capillaries may 
be associated with macular edema. One can typically identify 
dilated tortuous telangiectatic vessels and capillary shunts. Fluor¬ 
escein angiograms show juxtafoveolar capillary obliteration with 
tortuous telangiectatic microaneurysms (Figure 36.1). Peripheral 
retinopathy including telangiectasia can occur later in the disease 
process (Cohen etal., 2005). 

Neuroimaging 

On MRI, multifocal T2 high-signal-intensity lesions in the deep 
white matter can often be identified at the time of the initial onset 
of retinal involvement before neurologic symptoms and signs 
develop (Figure 36.2A). With the onset of focal neurologic deficits, 
the patient will have contrast-enhancing lesions with surround¬ 
ing vasogenic edema most commonly in the deep frontoparietal 
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fable 36.1 Comparison of kindreds with dominantly inherited retinal vasculopathy with cerebral leukodystrophy (RVCL) 


Syndrome Clinical features Retinal findings Brain imaging Vascular pathology 


Hereditary 

endotheliopathy with 
retinopathy, 

nephropathy, and stroke 
(HERNS) 

Hereditary cerebroretinal 
vasculopathy (CRV) 

Hereditary vascular 
retinopathy (HVR) 


Strokes, retinopathy, 
nephropathy, migraine, 
mood disorders, 
dementia 

Strokes, visual loss, 
vasculopathy, dementia 

Visual loss, Raynaud’s 
phenomenon, migraine 


Telangiectasia, 
microaneurysms, 
macular edema, 
capillary obliteration 

Same 

Same 


Contrast-enhancing white 
matter lesions with 
vasogenic edema 

Same 

Same 


Multilaminated basement 
membranes on electron 
microscopy 

Fibrinoid necrosis without 
inflammation on light 
microscopy 
Not reported 



Figure 36.2 Brain MRIs of a patient with HERNS. A. Neurologically asymptomatic; multiple small subcortical hyperintense lesions on T2-weighted images. B. Slight 
clumsiness in the left hand and left leg at age 36, contrast-enhancing lesions with surrounding edema in the right frontoparietal subcortical region on Tl-weighted 
images. C. Persistent headache with an episode of projectile vomiting but no other neurologic changes; increased size of the lesions with marked edema and mass 
effect on proton-weighted images. D. After 3 days of intravenous dexamethasone (Decadron), decreased edema on proton-weighted images. (Jen et al., 1997, with 
permission from Lippincott, Williams & Wilkins.) 


regions. Larger lesions can act as a space-occupying mass causing 
herniation of brain structures (Figure 36.2, B and C). 

Pathology 

On light microscopy, the brain lesions in patients with HERNS 
appear to be cerebral infarcts with extensive nuclear fragmenta¬ 
tion and spongy change, often centered on small blood vessels 
occluded by fibrin thrombi. Ultrastructural studies show distinc¬ 
tive multilaminated vascular basement membranes in the brain 
and other tissues including the kidney, stomach, appendix, omen¬ 
tum, and skin (Figure 36.3). Endothelial cell cytoplasm is normal or 
slightly swollen. There was no evidence of either abnormal mito¬ 
chondria or accumulation of mitochondria in any tissue examined 
by electron microscopy. 


and arterioles. Fluorescein angiograms clearly show retinal vas- 
culopathic changes. That the intracerebral lesions show contrast 
enhancement on MRI indicates breakdown in the blood-brain bar¬ 
rier. The surrounding edema in a vasogenic pattern also suggests 
increased capillary permeability. Because the basement mem¬ 
brane is synthesized by endothelial cells, the basement membrane 
abnormalities seen on electron microscopy probably reflect a pri¬ 
mary endothelial injury. 

Why should a generalized vasculopathy preferentially affect the 
brain, the retina, and the kidney? One explanation may be that 
these organs rely heavily on an intact endothelial barrier to main¬ 
tain proper function and are particularly “eloquent” when injured. 
Furthermore, the basis for the regional vulnerability in the brain is 
intriguing in that the intracranial mass lesions tend to involve the 
frontoparietal region in both HERNS and CRV. 


Pathophysiology 

The underlying mechanism of HERNS appears to be a general¬ 
ized vasculopathy with disruption of the integrity of capillaries 


Treatment 

At the present time there is no known treatment that is effective 
in patients with HERNS. Most patients have been maintained on 
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large edematous lesions (Figure 36.2D). Often patients must be 
maintained on a maintenance dose of corticosteroids because 
the edema returns if they are discontinued. Grand et al. (1988) 
and Niedermayer et al. (2000) noted the histologic similarities 
between CRV and delayed radiation-induced cerebral necrosis. 
Delayed cerebral radiation necrosis appears to result from damage 
of endothelial cells in small vessels. The observation of similari¬ 
ties between CRV and delayed radiation-induced cerebral necrosis 
may have important therapeutic implications because anticoagu¬ 
lation may arrest and even reverse endothelial injury due to radi¬ 
ation. However, a trial of anticoagulation in a single patient with 
HERNS was not beneficial, and bleeding complications developed. 
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Figure 36.3 Electron microscopic appearance of vascular tissue in HERNS. A. 
Reprocessed specimen from brain from a patient with HERNS with several 
layers of basement membrane (arrow) in cerebral capillary. B. Normal 
glomerular capillary wall. Note uniform appearance and thickness of basement 
membrane (arrow), e = endothelial cells; ve = visceral epithelial cells. C. 
Glomerular capillary wall from a HERNS patient. The original basement 
membrane (arrow) beneath visceral epithelial cell (ve), although somewhat 
wrinkled, approaches a normal appearance. The basement membrane 
(arrowheads) beneath endothelial cell (e) is multilayered. A mesangial cell (m) 
separates the two basement membranes. (Jen et al., 1997, with permission 
from Lippincott, Williams & Wilkins.) 


aspirin for its antiplatelet action, but there is no indication that 
this has altered the course of the disease. Resection of a “pseudo¬ 
tumor" has not helped in patients who have undergone surgery. 
Laser treatments have been of little benefit in controlling the reti¬ 
nal vasculopathy. Corticosteroids have been useful to decrease 
cerebral edema and may even be life-saving in patients with 
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COG AN'S SYNDROME 

Olivier Calvetti and Valerie Biousse 


Introduction 

Cogan’s syndrome is a rare multisystem disease first recognized 
as a separate clinical entity by David Coganin 1945 (Cogan, 1945). 
Fewer than 250 cases have been reported in the literature (Grasland 
et al., 2004). Cogan’s syndrome is characterized by nonsyphilitic 
interstitial keratitis, vestibulo-auditory Meniere-like symptoms, 
and, occasionally, systemic manifestations of vasculitis. In 1980, 
Haynes et al. suggested a diagnosis of “atypical Cogan’ syndrome" 
to account for patients who develop inflammatory ocular disease 
other than interstitial keratitis (uveitis, scleritis, episcleritis, reti¬ 
nal vasculitis, or optic nerve edema), or if there is more than 
2 years between the onset of ophthalmologic symptoms and 
hearing loss. Although neurologic manifestations are rare, several 
patients with stroke in the setting of Cogan’s syndrome have been 
reported (Bicknell and Holland, 1978; Gluth etal., 2006; Grasland 
et al., 2004). 

The cause and pathophysiology of Cogan’s syndrome remain 
unknown, although a vasculitic process affecting vessels of all sizes 
has been described (Vollertsen, 1990). Clinically, vasculitis has 
been reported to affect the skin, kidneys, distal coronary arteries, 
central nervous system, and muscles. Autopsies have revealed vas¬ 
culitis in the dura, brain, gastrointestinal system, kidneys, spleen, 
aorta, and the coronary arteries (Crawford, 1957; Fisher and Hell- 
strom, 1961; Vollertsen, 1990). Pathologic examinations of the 
proximal portion of the aorta in patients with Cogan’s syndrome 
have shown generalized dilatation and narrowing of the coronary 
arteries in the region of the aortic valve. Microscopic examination 
of the aorta revealed neutrophils, mononuclear cells, giant cells, 
destruction of the internal elastic membrane, neovascularization, 
necrosis, scarring, and fibrotic hypertrophy; similar findings were 
noted in other vessels as well (Ho et al., 1999; Vollertsen et al., 
1986). Autopsy findings reported by H. G. Thomas (1992) included 
numerous aneurysmal endothelial plaques associated with vas¬ 
culitis affecting the entire aorta and surrounding ostia, as well as 
bilateral carotid bifurcation aneurysms. 

However, the role of vasculitis in the pathogenesis of the ocular 
and vestibulo-auditory lesions of Cogan’s syndrome remains to be 
demonstrated. Ishii etal. (1995) found no evidence of vasculitis in 
the blood vessels supplying the inner ear structures in a patient 
thought to have Cogan’s syndrome. The audiovestibular symp¬ 
toms of autoimmune sensorineural hearing loss are very similar 
to those of Cogan’s syndrome (McCabe, 1979), and it is possible 
that, in some patients, autoimmune sensorineural hearing loss 
could be the first symptom of Cogan’s syndrome. The presence 


of autoantibodies against inner ear, endothelial antigens, and 
cornea found in some patients with Cogan’s syndrome adds fur¬ 
ther evidence for the autoimmune nature of this disease (Harris 
and Sharp, 1990;HelmchenefaZ., 1999; LunardiefnZ., 2002; Majoor 
etal., 1992). The presence of antinuclear antibodies (Orsoni etal., 
2002), rheumatoid factor (Garcia Callejo et al., 2001), and cyto¬ 
plasmic autoantibodies against neutrophils (Garcia Callejo et al., 
2001; Ikeda et al., 2002) in some patients with Cogan's syndrome 
lends support to this notion. 

The autoimmune hypothesis for sensorineuronal hearing loss 
and interstitial keratitis in Cogan’s syndrome has been further 
studied (Lunardi et al., 2002). Immunoglobulin G obtained from 
eight patients with Cogan’s syndrome was pooled to screen a 
random peptide library. Antibodies directed against an immuno¬ 
dominant peptide showing similarity with autoantigens, includ¬ 
ing SSA/Ro and CD148, which is expressed in the inner ear and 
on endothelial cells, were identified in all eight patients and none 
of the controls. After intravenous administration to mice, these 
autoantibodies were capable of inducing the features of Cogan's 
syndrome, with tissue damage of the inner ear and endothelial 
cells, and also corneal involvement. 

Clinical manifestations of Cogan's syndrome 

The mean age of onset is 25 years, although patients may become 
symptomatic at any age. Men and women are equally affected. 
Interstitial keratitis and hearing loss are the most common mani¬ 
festations. Neurologic manifestations are rare. 

Ophthalmologic manifestations 

The most common and classic ocular manifestation of Cogan’s 
syndrome is bilateral interstitial keratitis. Interstitial keratitis is a 
nonsuppurative inflammation characterized by cellular infiltra¬ 
tion of the corneal stroma. The inflammation is generally sec¬ 
ondary to an immunologic response to a specific antigen. Clini¬ 
cally, interstitial keratitis is characterized by areas of dense, white, 
stromal necrosis with neovascularization (Figure 37.1). At the 
time of description of this disorder by Cogan, the most common 
cause of interstitial keratitis was congenital syphilis, explaining 
why many authors refer to “non-syphilitic interstitial keratitis.” 
This corneal disorder manifests as insidious visual loss, photo¬ 
phobia, and ocular pain and redness. The diagnosis of intersti¬ 
tial keratitis is easily made on ocular examination with a slit lamp 
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Figure 37.1 a and b. Interstitial keratitis in Cogan's syndrome. Slit-lamp 
examination showing corneal stromal opacities. See color plate. 

(Figure 37.1) (Cobo and Haynes, 1984). Initial findings may be sub¬ 
tle, but they worsen over time, with most patients developing deep 
stromal keratitis with corneal vascularization. Cogan emphasized 
a characteristic day-to-day fluctuation in the severity of the kerati¬ 
tis, unlike what is seen in patients with congenital syphilis. He also 
remarked upon the patchy involvement of the cornea, the normal 
appearance of the posterior cornea, and the absence of striking 
intraocular inflammation. Some patients do, however, develop 
uveitis, episcleritis, scleritis, retinal vasculitis, and optic nerve 
edema; when any of these features are present, the term “atypi¬ 
cal Cogan syndrome” is generally used (Haynes et al., 1980). Most 
patients retain relatively good vision; severe visual loss, usually 
from complete opacification of the cornea, occurs in only about 
5% of patients (Gluth et al., 2006; Grasland et al., 2004; Haynes 
etal., 1980; Vollertsen etal., 1986). 


Vestibulocochlear manifestations 

Unlike vision loss that is usually slight, hearing loss in Cogan’ syn¬ 
drome is often severe. Vertigo, tinnitus, and progressive deafness 
are present in all patients with this disorder. Bilateral asymmet¬ 
ric hearing loss is typically sudden, severe, and often permanent. 


ft may fluctuate initially with a progressive worsening over time, 
with more than 50% of patients eventually becoming deaf. 

Vestibular manifestations - including vertigo, tinnitus, ataxia, 
nausea, vomiting, and nystagmus - are present in a large majority 
of patients with Cogan’s syndrome (Bicknell and Holland, 1978; 
Grasland et al., 2004). About 90% of patients have symptoms of 
peripheral vestibular dysfunction, 50% have ataxia, and 25% com¬ 
plain of oscillopsia (Bicknell and Holland, 1978; Grasland et al., 
2004). Caloric testing usually shows absent or diminished vestibu¬ 
lar responses, depending on the time the test is obtained rela¬ 
tive to disease onset. The vestibulo-auditory symptoms and signs 
may occur concomitantly with visual symptoms and signs, or may 
precede or follow the onset of visual phenomena by as long as 
3 months (Bicknell and Holland, 1978; Cobo and Haynes, 1984; 
Gluth etal., 2006; Grasland etal., 2004; Zeitouni etal., 1993). 

Systemic manifestations 

More than 50% of patients with Cogan’s syndrome have nonspe¬ 
cific systemic manifestations, including headache, fever, weight 
loss, and fatigue, and about 30% have myalgias and arthralgias 
(Gluth etal., 2006; Haynes etal., 1980; Vollertsen etal, 1986). About 
10% of patients have features of systemic vasculitis, with skin or 
visceral damage, and about 10% develop aortic insufficiency and 
associated cardiac disturbances (Vollertsen etal., 1986). 

Neurologic manifestations 

The frequency of central and peripheral nervous system involve¬ 
ment varies according to the authors from 2% to 5% (Sigal, 1987) 
to more than 50% of patients with Cogan’s syndrome (Bicknell 
and Holland, 1978), and consists mainly of meningoencephalitis, 
seizures, and peripheral neuropathy. Patients with encephalopa¬ 
thy, psychosis, cranial neuropathy, myelopathy, and meningitis 
have been reported (Chynnandjacobiec, 1996;Majooref«/., 1992; 
St Clair and McCallum, 1999; Vollertsen et al., 1986). Cerebrovas¬ 
cular involvement is rare (Bicknell and Holland, 1978). Reported 
cases include cerebral venous sinus thrombosis (Gilbert and Tal¬ 
bot, 1969), posterior inferior cerebellar artery thrombosis (Fair 
and Levi, 1960; Norton and Cogan, 1959), and multiple cerebel¬ 
lar lesions (Albayram et al., 2001; Calopa et al., 1991; Kami et al., 
1991; Manto and Jacguy, 1996). A recent review of 60 patients from 
the Mayo Clinic (Gluth et al., 2006) described only two patients 
with a brain infarct (3%). In this series, six patients (10%) had 
peripheral neuropathy, three patients (5%) had a meningeal pro¬ 
cess, and three patients (5%) had encephalitis. In 2004, Grasland 
etal. reported 32 personal cases and reviewed 222 previously pub¬ 
lished cases with a frequency of neurological manifestations of 
13% (29 patients). Among their 32 patients, 25 presented with sys¬ 
temic manifestations that occurred within the first 2 months after 
the onset of the disease and 12 patients presented with neurolog¬ 
ical manifestations, including headache (six patients), lympho¬ 
cytic meningitis (seven patients), encephalitis (two patients), and 
peripheral neuropathy (four patients). 

All patients with central nervous system involvement had brain 
ischemic lesions, often multiple if investigated with an MRI 
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(Albayram et al., 2001; Calopa et al., 1991; Manto and Jacguy, 
1996). A vasculopathy suggesting vasculitis was shown by angio¬ 
graphic findings in one patient (Albayram et al., 2001), and other 
authors have suggested the presence of circulating immunocom- 
plexes (Manto andjacquy, 1996) inpatients with brain ischemia in 
the setting of Cogan’s syndrome. Rarely, large-artery infarcts from 
cardiac emboli secondary to valvular disease may also occur in 
patients with Cogan’s syndrome. 

Diagnosis of Cogan's syndrome 

No laboratory or radiographic test is diagnostic of Cogan’s syn¬ 
drome. The diagnosis is classically suggested by the association of 
interstitial keratitis with acute-onset sensorineuronal hearing loss 
in a patient who has a negative laboratory evaluation for syphilis. 
The most common laboratory abnormality is an elevated erythro¬ 
cyte sedimentation rate. Other abnormalities include leukocyto¬ 
sis, anemia, and thrombocytosis. Autoantibodies such as rheuma¬ 
toid factor and nuclear antibodies are usually negative, and are 
obtained mostly to exclude another autoimmune disease. Lum¬ 
bar puncture may demonstrate meningitis with elevated protein 
and pleocytosis, even in the absence of clinical manifestations. 
Audiography, electronystagmography, and other tests of vestibu¬ 
lar function, which are usually abnormal, may be helpful in both 
diagnosing and following the course of the disease. CT scans may 
occasionally show intralabyrinthine calcifications, whereas MRIs 
often show soft tissue obliteration of the membranous labyrinth 
(Casselman et al., 1994; Helmchen et al., 1998) and may also show 
multiple lesions of the white matter consistent with cerebral vas¬ 
culitis (Calopa et al., 1991). Cerebral angiography may demon¬ 
strate intracranial vascular abnormalities suggestive of vasculitis 
(Albayram et al., 2001). 

Treatment 

The treatment of Cogan’s syndrome varies based on the severity 
of the clinical manifestations. Because of the presumed autoim¬ 
mune mechanism with vasculitis, most treatments have included 
steroids and immunosuppressants (Fricker et al., 2006). Because 
of the rarity of the disease, the treatment is empiric and not based 
on any formal therapeutic trial (Fricker et al., 2006; Gluth et al., 
2006). 

Ocular manifestations such as interstitial keratitis are usually 
controlled by topical corticosteroids (steroid drops) (Haynes etal., 
1980; Rabinovitch etal., 1986). 

Vestibulocochlear, systemic, and neurologic signs are indica¬ 
tions for systemic steroids. An initial dose of 1 mg/kg/d of pred¬ 
nisone is usually recommended, and gradually tapered over 2-6 
months. The probability of recovering hearing loss may be higher 
when corticosteroids are given early in the disease course (Vollert- 
sen et al., 1986). High-dose intravenous steroids are also com¬ 
monly used in this setting or when neurologic symptoms and 
signs suggest cerebral vasculitis. When hearing loss is profound 
and nonresponsive to steroid treatment, cochlear implants may 
improve hearing (Gluth et al., 2006; Grasland et al., 2004; Orsoni 
etal., 2002; Pasanisi etal., 2003; Rabinovitch etal., 1986). 


Immunosuppressants and intravenous immunoglobulins are 
occasionally used for patients who have persistent symptoms and 
signs despite apparently adequate therapy. Patients with severe 
aortic or cardiac disease may benefit from aortic valve replace¬ 
ment or vascular bypass surgery. The prognosis for vision and for 
life is generally good, although the prognosis for hearing is guarded 
because of irreversible changes that occur in the membranous 
labyrinth over time (Grasland etal., 2004; Zeitouni etal., 1993). 
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PART IV: DISORDERS INVOLVING ABNORMAL 
COAGULATION 

ANTI-PHOSPHOLIPID ANTIBODY SYNDROME 

Jose F. Roldan and Robin L. Brey 


Introduction 

The anti-phospholipid syndrome (APS) was first described in 1983. 
The major clinical features consist of arterial (Antiphospholipid 
Antibodies in Stroke Study [APASS] Group, 1990; Cervera ef al., 
2002; Nojima ef al, 1997; Rosove and Brewer, 1992) and venous 
(Wahl ef al., 1998) thrombosis leading to tissue ischemia and pla¬ 
cental thrombosis resulting in recurrent fetal loss (Levy el al., 1998; 
Rand et al., 1997), and thrombocytopenia in the presence of anti¬ 
phospholipid antibodies (Hughes, 1983). The research definition 
for APS has evolved over the years to its current state includ¬ 
ing moderate to highly positive anti-cardiolipin and anti-beta-2- 
glycoprotein 1 (anti-b 2 GP-I) antibodies present twice at least 12 
weeks apart and evidence for a thrombotic event or recurrent fetal 
loss (Miyakis et al., 2006) (Table 38.1). 

Anti-phospholipid antibodies form a heterogeneous family that 
can be detected using a number of immunoreactivity assays 
(Table 38.2). As will be discussed in more detail in subsequent 
sections, some of these appear to lead to a greater risk for clini¬ 
cal manifestations of the APS than can anti-cardiolipin antibod¬ 
ies. Phospholipids are ubiquitous in the plasma membranes of 
all cells, and can form complexes with phospholipid-binding pro¬ 
teins under certain conditions that may involve cellular activation 
or injury (Arnout, 1996; Arnout and Vermylen, 1998). 

Thrombotic episodes in patients with APS are primarily venous, 
but if the thrombosis occurs on the arterial side, the brain is 
affected most often (Hughes, 1983). APS is classified as secondary 
if it occurs in an individual with systemic lupus erythematosus 
(SLE) or another collagen disease and primary in the absence of 
SLE. However, primary and secondary APS are indistinguishable 
(Cervera et al., 2002; Krnic-Barrie et al., 1997; Shah et al., 1998) 
with regard to the types of thromboses. There is some evidence 
that patients with SLE and anti-phospholipid antibodies have a 
greater recurrent thrombosis risk than do patients with primary 
APS (Cervera ef al., 2002). 

The definitive role of anti-phospholipid antibodies in throm- 
bogenesis continues to elude investigators, and not all patients 
with anti-phospholipid antibodies develop thrombosis. Anti¬ 
phospholipid antibodies associated with infection or certain 
medications are usually transient, contain a more restricted 
range of phospholipid immunoreactivity, and are not associated 
with clinical symptoms (Drouvalakis and Buchanan, 1998). Anti¬ 
phospholipid antibodies may also be found in otherwise normal 
people. A prospective blood bank study found that approximately 
6.5% of normal subjects had ELISA-detected anti-phospholipid 


antibody IgG (Vila et al., 1994). Many anti-phospholipid antibody 
levels normalized with time, though, and no thrombotic events 
occurred in anti-phospholipid antibody-positive patients during 
a 12-month period. Krnic-Barrie et al. (1997) described recurrent 
thromboses after a lengthy quiescent period of manyyears in some 
anti-phospholipid antibody-positive patients. A 12-month follow¬ 
up period may not be long enough to determine thrombosis risk. 
Here, we review the history, clinical features, potential pathogenic 
mechanisms, screening techniques, and treatment of neurological 
disorders currently associated with APS. 

Historical perspectives 

Following the description of APS in the early 1980s, the anti¬ 
phospholipid antibody screening tests consisted of solid-phase 
and, later, ELISA techniques that used cardiolipin as the detecting 
antigen (Loizou et al., 1985). This negatively charged phospho¬ 
lipid, found primarily in the plasma membranes of mitochondria 
(McNeil et al., 1991), was assumed to be the antigen that anti¬ 
phospholipids were directed against. However, it was soon recog¬ 
nized that other anionic phospholipid antigens could better serve 
in the detection of anti-phospholipid antibodies. Phosphatidylser- 
ine, for instance, seemed better at identifying antibodies associ¬ 
ated with fetal loss (Levy eta/., 1998; Role eta/., 1990) and thrombo¬ 
sis (Inane et al., 1997; Tuhrimefa/., 1999), especially in association 
with a positive LA (Rote et al., 1990). 

Biologically, the concept that these antibodies might target 
phosphatidylserine in vivo seemed more plausible because it is 
found in the plasma membrane of all cells and is commonly dis¬ 
played on the extracellular surface in response to cell injury, acti¬ 
vation, and remodeling (McNeil ef al., 1991). This was theoretically 
problematic, though, considering the poor immunogenic proper¬ 
ties of lipids (Gharavi and Pierangeli, 1998). Several groups iden¬ 
tified the need for a cooperative phospholipid-binding protein in 
order to detect most, but not all, anti-phospholipid antibodies 
(Gallieffl/., 1990; Matsuura etal., 1990; McNeil ef al., 1990; Meroni 
ef al., 1998). Considering the substantial immunogenic quality of 
proteins, the involvement of a phospholipid-binding protein was 
more biologically sound. Shortly thereafter, coprecipitation and 
subsequent protein sequencing identified one serological cofac¬ 
tor to be h 2 GP-I (Galli ef al., 1990; Matsuura ef al., 1990). Pro¬ 
teins such as prothrombin, annexin V protein C, protein S, low- 
molecular-weightkininogens, andfactorXI (Arnout and Vermylen, 
1998) have also been shown to bind phospholipids, but h 2 GP-I is 
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fable 38.1 Revised 2006 classification criteria of APS 


Clinical criteria 

Vascular thrombosis * 


Pregnancy morbidity 
(a) 


Or 

(b) 


Or 

Cc) 


In studies of populations of patients who 
have more than one type of pregnancy 
morbidity, investigators are strongly 
encouraged to stratify groups of subjects 
according to a, b, or c above. 

Laboratory criteria* 1 ** 

(a) 

(b) 


CO 


One or more clinical episodes of arterial, venous, or small-vessel thrombosis in any tissue or organ. 
Thrombosis must be confirmed by objective validated criteria (i.e. unequivocal findings of 
appropriate imaging studies or histopathology). For histopathologic confirmation, thrombosis 
should be present without significant evidence of inflammation in the vessel wall. 

One or more unexplained deaths of a morphologically normal fetus at or beyond the 10th week of 
gestation with normal fetal morphology documented by ultrasound or by direct examination of the 
fetus 

One or more premature births or a morphologically normal neonate at or before the 34th week of 
gestation because of: (i) eclampsia or severe pre-eclampsia or (ii) recognized features of placental 
insufficiency, 

Three or more unexplained consecutive spontaneous abortions before the 10th week of gestation with 
maternal anatomic or hormonal abnormalities and maternal and paternal chromosomal causes 
excluded. 


Lupus anticoagulant (LA) present in plasma on two or more occasions at least 12 weeks apart, 
detected according to the guidelines of the International Society of Thrombosis and Hemostasis 
(Scientific Subcommittee on LAs / phospholipid-dependant antibodies) 

Anticardiolipin antibody of IgG and/or IgM isotype in serum or plasma, present in medium or high 
titer (i.e. >40 GPL or MPL, or > the 99th percentile). On two or more occasions at least 12 weeks or 
more apart, measured by a standardized ELISA. 

Anti-fc 2 GP-I antibody of IgG and/or IgM isotype in serum or plasma (in titer > 99th percentile), 
present on two or more occasions at least 12 weeks apart, measured by standardized ELISA, 
according to recommended procedures. 


IgG, immunoglobulin G; IgM, immunoglobulin M; ELISA, enzyme-linked immunosorbent assay. 

Copied with permission from the authors and publishers (from Miyakis etal., 2006). 

‘Classification of the anti-phospholipid antibody syndrome (AAS) should be avoided if <12 weeks or >5 years separate the positive anti-phospholipid 
antibody test and the clinical manifestation. 

5 Coexisting inherited or acquired factors for thrombosis are not reasons for excluding patients from AAS trials. However, two subgroups of AAS patients 
should be recognized, according to: (a) the presence and (b) the absence of additional risk factors for thrombosis. Indicative (but not exhaustive) cases 
include: age (>55inmen and >65 in women) and the presence of any of the established risk factors for cardiovascular disease (hypertension, diabetes 
mellitus, elevated low-density lipoprotein or low high-density lipoprotein cholesterol, cigarette smoking, family history of premature cardiovascular 
disease, body mass index >30 kg/m 2 , microalbuminuria, estimated glomerular filtration rate <60 mL/min, inherited thrombophilias, oral contracep¬ 
tives, nephrotic syndrome, malignancy, immobilization, and surgery. Thus, patients who fulfill criteria should be stratified according to contributing 
causes of thrombosis. A thrombotic episode in the past could be considered as a clinical criterion, provided that thrombosis is proved by appropriate 
diagnostic means and that no alternative diagnosis or cause of thrombosis is found. 

"Superficial venous thrombosis is not included in the clinical criteria. Generally accepted features of placental insufficiency include: (i) abnormal 
or nonreassuring fetal surveillance test(s), e.g. a nonreactive nonstress test, suggestive of fetal hypoxemia, (ii) abnormal Doppler flow velocimetry 
waveform analysis suggestive of fetal hypoxemia, e.g. absent end-diastolic flow in the umbilical artery, (iii) oligohydramnios, e.g. an amniotic fluid 
index of <5 cm, or (iv) a postnatal birth weight less than the 10th percentile for the gestational age. 

** Investigators are strongly advised to classify AAS patients in studies into one of the following categories: I, more than one laboratory criteria present 
(any combination); Ha, LA present alone; lib, anticardiolipin antibody present alone; lie, £> 2 GP-I antibody present alone. 
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Table 38.2 Immunoreactivity assays utilized for anti-phospholipid 
antibody detection 


Those whose antigens are 

Anionic phospholipids alone 

Cardiolipin 

Phosphatidylserine 

Phosphatidylinositol 

£>2 GP-I or other protein cofactors alone 

Prothrombin 

Annexin V 

Anionic phospholipids and £> 2 GP-I or other protein cofactors 

or phospholipid-dependent coagulation assays 
Las 


by far the most common and well-characterized protein with this 
ability (Inane etal., 1997; McNeil etal., 1991). 

Clinical manifestations 


Brain ischemia 

Brain ischemic events in patients with anti-phospholipid anti¬ 
bodies can occur in any vascular territory. A variety of cardiac 
valvular lesions have been associated with anti-phospholipid anti¬ 
bodies making cardiac emboli a possible stroke mechanism in 
some patients. Two-dimensional transthoracic echocardiography 
is abnormal in one-third of patients, typically demonstrating non¬ 
specific left-sided valvular (predominantly mitral) lesions char¬ 
acterized by valve thickening (reviewed in Tenedios et al., 2006). 
These may represent a potential cardiac source of stroke. 

Anti-phospholipid antibodies are well established as risk fac¬ 
tors in a first ischemic stroke, but their role in recurrent stroke is 
less clear (Table 38.3). All (Brey et al., 1990, 2001; Nencini et al., 
1992; Singh etal., 2001; Toschi etal., 1998) but one (Blohorn etal., 
2002) of the case-controlled and prospective studies that evalu¬ 
ated anti-phospholipid antibodies as a stroke risk factor in young 
adults (primarily in patients without SLE) showed an increased 
risk for incident ischemic stroke in young people. The study failed 
to find an association tested only for anti-cardiolipin antibodies, 
whereas the other studies evaluated for both anti-cardiolipin anti¬ 
bodies and LA. The presence and magnitude of the ischemic stroke 
risk associated with anti-phospholipid antibodies in older pop¬ 
ulations is more evenly split between finding an increased risk 
and no increased risk; however, of the studies where both anti- 
cardiolipin antibodies and LA were tested, all but one found an 
increased risk (reviewed in Brey, 2004). This suggests that anti¬ 
phospholipid antibodies may be a more important stroke mecha¬ 
nism in young people whereas, in older populations, other stroke 
risk factors take on more importance. Alternatively, the presence 
of LA may be more important in determining stroke risk at any 
age than are anti-cardiolipin antibodies alone. Most of these stud¬ 
ies either excluded cardioembolic disease or did not distinguish 
between cardioembolic, artery-to-artery embolic, and thrombotic 
mechanisms. This is an important point, because cardiac valvular 


Table 38.3 Factors associated with increased thrombotic risk 


Elevated, persistent anti-cardiolipin antibody - IgG titer 
Presence of b 2 GP-I anti-phospholipid antibodies 
Increased LA 


Table 38.4 Factors warranting evaluation of anti-phospholipid 
presence in stroke 


Patient <40 years of age 
Stroke is recurrent 

Thrombocytopenia, fetal loss, or venous thrombosis have been 
documented 

SLE or other connective disease is present 


lesions have been reliably associated with anti-phospholipid anti¬ 
bodies (Table 38.4). 

Women maybe at higher risk for an anti-phospholipid antibody- 
associated stroke. A recent study of the Framingham cohort 
and offspring study examined anti-cardiolipin antibodies in both 
females and males without history of stoke or transient ischemic 
attack (TIA). They found an increased risk of stroke and TIA for 
women with high anti-cardiolipin (hazard ratio [HR] ,2.6; 95% con¬ 
fidence interval [Cl], 1.3-5.4; absolute risk, 3.2%, 95% Cl, 2.2-4.3) 
but not in men (HR, 1.3; 95% Cl, 0.7-2.4; absolute risk, 4.5%; 95% 
Cl, 3.0-6.0) (Janardhan etal., 2004). 

Two large studies evaluated the risk for recurrent stroke and anti¬ 
phospholipid antibodies in young adults (Nencini et al., 1992). 
One study evaluated both anti-cardiolipin antibodies and LA and 
found an increase in recurrent stroke risk attributable to anti- 
phopholipid antibodies. The other, more recent study, which also 
evaluated for both anti-phospholipid antibodies and LA found no 
increased recurrent stroke risk (van Goor etal., 2004). Two studies 
done in pediatric populations, likewise, found no increased stroke 
risk (Lanthier etal., 2004; Strater etal., 2002). 

In the only prospective study of anti-phospholipid antibodies- 
associated recurrent stroke risk, the APASS group did not find the 
presences of anti-cardiolipin antibodies or LA to increase the risk 
of recurrent stroke (Levine etal., 2004). The presence of both anti- 
cardiolipin antibodies and LA did show a trend towards increased 
recurrent stroke risk. Neville et al. (2003) also found that positiv¬ 
ity for both anti-cardiolipin antibodies and LA had a greater odds 
ratio (OR) for thrombosis than either anti-cardiolipin antibodies 
or LA alone among 208 patients as compared to matched controls. 
Another study also found that multiple prothrombotic risk fac¬ 
tors in patients with anti-cardiolipin antibodies increased the risk 
of thrombosis with an OR associated with a previous thrombotic 
event of 1.46 (95% Cl, 1.003-2.134) per each additional prothrom¬ 
botic risk factor (Hudson et al., 2003). In a small pediatric SLE 
cohort, positivity for multiple anti-phospholipid antibody sub- 
types also showed stronger associations with thrombotic events 
than did single anti-phospholipid antibody tests (Male et al., 
2005). This supports the concept that LA and anti-phospholipid 
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antibodies other than cardiolipin may have greater pathophysio¬ 
logic potential to precipitate thrombosis. 

Evidence also suggests that anti-phosphatidyl serine antibodies 
(aPS) alone may be a strong risk factor for thrombosis, as well. 
Tull rim et al. (1999) found that aPS were independently associated 
with first ischemic stroke in the Minorities Risk Factors And Stroke 
Study (MRFASS). This is the largest ischemic stroke cohort studied 
to date for anti-phosphatidyl serine antibodies and suggests that 
anti-phosphatidyl serine antibodies are a potentially important 
anti-phospholipid antibody marker for ischemic stroke (Tuhrim 
etal., 1999). 

Atsumi etal. (2000) studied concordance, sensitivity, and speci¬ 
ficity of various anti-phospholipid antibody assays and their iso¬ 
types for manifestations of the AAS and presence of the LA. The 
presence of anti-phosphatidyl serine antibodies had the high¬ 
est OR (4.39, 95% Cl, 2.06-9.38) for the clinical manifestations 
of AAS, and IgG anti-phosphatidyl serine antibodies correlated 
strongly with the presence of the LA (OR, 38.2; 95% Cl, 13.4-109.1). 
The presence of anti-phosphatidyl serine antibodies (IgG or IgM) 
or fe 2 GP-I (IgG, IgM, or IgA) antibodies improved the specificity 
for the AAS over anti-cardiolipin antibodies alone. Anti-Z^GP-I 
antibodies of the IgG class were strongly associated with clinical 
manifestations of APS (OR, 5.72; 95% Cl, 2.31-14.15, p = .0001). 
Furthermore, the relationship of anti-phosphatidyl serine anti¬ 
bodies and h 2 GP-I antibodies to the presence of LA was stronger 
than that for anti-cardiolipin antibodies, including higher sensi¬ 
tivities and specificities. In another study, the positive predictive 
value (PPV) for anti-phosphatidyl serine antibodies and fo 2 GP-I 
was stronger for arterial thrombosis (87%—91%, p < .001) than for 
venous thrombosis (80%-92%, p = .01) (Lopez etal., 2004). 

The Euro-Phospholipid Project Group began a study of the 
clinical and immunologic manifestations and patterns of disease 
expression of AAS among a cohort of 1000 patients in 2002 (Cervera 
et al., 2002). Primary AAS was present in 53.1% of patients, AAS 
associated with SLE in 36.2%, AAS associated with “lupus-like" 
disease in 5.9%, and other diseases in 5.9%. At study entry, deep 
venous thrombosis was the most common thrombotic manifes¬ 
tation occurring in 317 (31.7%) and stroke was the most common 
arterial thrombotic manifestation in 135 (13.1%) patients. Cere¬ 
brovascular ischemic events were also noted: TLA in 70 (7.0%) and 
amaurosis fugax in 28 (2.8%) patients. Although some clinical dif¬ 
ferences existed between primary and secondary AAS patients, 
none of these included thrombotic manifestations. Although 
follow-up information is not yet available for this extremely 
well-characterized cohort, invaluable information about recurrent 
stroke and other clinical manifestations will be forthcoming, as 
10 years of follow-up is planned. 

In another European collaborative study (the European Work¬ 
ing Party on SLE), the morbidity and mortality in patients with 
SLE over a 10-year period were studied in a cohort of 1000 patients 
(Cervera et al., 2003). This is the best study of the risk of throm¬ 
botic events and anti-phospholipid antibodies in people with SLE. 
At the beginning of this study, there were 204 (20.4%) patients with 
anti-cardiolipin IgG, 108 (10.8%) patients with anti-cardiolipin 
antibody IgM, and 94 (9.4%) patients with LA. Thromboses were 
the most common cause of death in the last 5 years of follow-up 


and were always associated with AAS (Cervera et al., 2002). 
The most common thrombotic events in these patients were 
strokes (11.8%), followed by myocardial infarction (7.4%) and pul¬ 
monary embolism (5.9%). This suggests an important role for anti¬ 
phospholipid antibodies and recurrent thrombosis in patients 
with SLE. 

When it does occur, recurrent stroke and other thromboembolic 
events in patients with anti-phospholipid antibodies have been 
reported both early (within the first year of an index episode of 
cerebral ischemia) (Levine etal., 1993,1995) and late (5-10 years) 
(Krnic-Barrie et al., 1997; Shah et al., 1998). The initial type of 
thromboembolic event (i.e. arterial, venous, miscarriage) appears 
to be the most likely type of event to recur in a given patient in 
some (Rosove and Brewer, 1992) but not all studies (Krnic-Barrie 
etal., 1997). Shah etal. (1998) studied patients with both primary 
and secondary AAS during a 10-year period and found recurrent 
thromboembolic events to be common in both groups. In their 
series of 52 patients with anti-phospholipid antibodies, 9 of 31 
(29%) patients with AAS developed recurrent thrombotic episodes 
and 11 of 21 (52%) patients with anti-phospholipid antibodies but 
without clinical manifestations developed them during the follow¬ 
up period. 

Krnic-Barrie et al. (1997) retrospectively evaluated 61 patients 
with primary and secondary AAS for an average of 6.4 years to 
identify risk factors for the development of recurrent thrombosis. 
There was no difference between patients with primary and sec¬ 
ondary AAS regarding recurrent arterial or venous events (arterial: 
55% vs. 38%; venous: 47% vs. 50%). In patients with primary and 
secondary AAS, recurrent arterial events were associated with Cau¬ 
casian race and venous events with the puerperium or oral con¬ 
traceptive use. High titers of anti-cardiolipin antibodies have been 
associated with recurrent events in patients with primary (Levine 
etal., 1993,1995,1997) and secondary AAS (Alarcon-Segovia etal., 
1989; Cervera etal., 2003; Escalante etal., 1995). In a study of 141 
patients with secondary AAS related to SLE, the presence of both 
anti-cardiolipin antibodies and LA were associated with throm¬ 
botic events (Nojima et al., 1997). In this study, 84% of patients 
with an abnormal anti-cardiolipin antibody IgG level and LA had 
a thrombotic event as compared to 16% with an abnormal anti- 
cardiolipin antibody IgGonly, 9.1% with LA only, and3.8%withnei- 
ther. All patients with high levels of anti-cardiolipin antibodies and 
LA and none of the patients without LA had an arterial thrombosis. 
The correlation between a high level of anti-cardiolipin antibodies 
and LA has been previously reported; however, Verro et al. (1998) 
did not find a similar relationship between very high titer and risk 
for recurrent thrombotic events. Specker etal. (1998) have shown 
that cerebral microemboli detected by transcranial Doppler are 
found in patients with AAS and that they correlate with a history of 
brain ischemia. If this technique is validated prospectively, it may 
provide a powerful approach to assess cerebrovascular thrombosis 
risk. 

There are no data to suggest that the severity of the thromboem¬ 
bolic event, including stroke, influences anti-cardiolipin antibody 
titer. Anti-cardiolipin antibodies do not appear to be a result of the 
thrombotic event in the brain (Brey el al., 1990; Levine etal., 1995) 
or elsewhere (Alarcon-Segovia et al., 1989). In a case-controlled 
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study of patients with giant cell arteritis, the prevalence of abnor¬ 
mal anti-cardiolipin antibody levels was higher in patients with 
temporal arteritis than in controls (20.7% vs. 2.9%). The prevalence 
was even higher in patients who also had positive temporal artery 
biopsies than in temporal arteritis patients with normal biopsies 
(31.2% vs. 16.7%) (Duhaut etal., 1998). Both anti-cardiolipin anti¬ 
bodies and a positive biopsy were associated with thrombosis 
in univariate analyses; however, only a positive biopsy remained 
predictive of thrombosis in multivariate analyses. Furthermore, 
nearly half of biopsy positive patients with high anti-cardiolipin 
antibody levels at the time of diagnosis had normal levels when 
retested after 10 days of corticosteroid treatment. The authors 
speculate that, in giant cell arteritis, the anti-cardiolipin antibodies 
produced may be a consequence of severe endothelial damage and 
have no relationship to thrombosis. No further analyses of anti- 
cardiolipin antibody subtype or other phospholipid specificities 
were performed, thus it is possible that nonpathogenic antibodies 
are formed in this situation, similar to those found in response to 
drugs or infections (Drouvalakis and Buchanon, 1998). 

Stroke mechanisms in patients with 
anti-phospholipid antibodies 

Brain ischemic events can occur in any vascular territory. Cerebral 
angiography typically demonstrates intracranial branch or trunk 
occlusion or is normal in about one-third of patients so studied 
(APASS, 1990). Data from in vitro studies, from experimental 
animal models, and from clinical studies showing an association 
of anti-phospholipid antibodies with placental infarction, periph¬ 
eral, and cerebral venous thrombosis strongly suggest that these 
antibodies cause stroke through induction of a prothrombotic 
state. A higher than expected frequency of coronary artery (Klemp 
et al., 1988) and peripheral arterial (Ciocca et al, 1995) graft 
occlusion has also been noted in patients with anti-phospholipid 
antibodies. These clinical observations coupled with recent 
findings of endothelial cell activation by anti-phospholipid (Del 
Papa, Guidali, Sala, etal., 1997; Del Papa, Raschi, Catelli, et al., 
1997) support the hypothesis that anti-phospholipid antibodies 
may act in concert with other vascular risk factors that damage 
endothelial cells. 

A variety of cardiac valvular lesions have been associated with 
anti-phospholipid antibodies making cardiac emboli a potential 
stroke mechanism in some patients. Echocardiography (primar¬ 
ily two-dimensional, transthoracic) is abnormal in one-third of 
patients, typically demonstrating nonspecific left-sided valvular 
(predominantly mitral) lesions, characterized by valve thickening 
(Ford et al, 1989; Tenedios et al., 2006). These may represent a 
potential cardiac source of stroke. In a large consecutive autopsy 
series, a higher incidence of cardiac valvular abnormalities and 
‘bland’ (nonvasculitic) thromboembolic lesions were found in 
patients with anti-phospholipid antibodies (Ford etal., 1994). 

Classic Fibman-Sacks verrucous valvular lesions may also be 
attributable to phenomena associated with AAS. In 1924, Fibman 
and Sacks originally described a “hitherto undescribed form of 
valvular and mural endocarditis,” which would later be attributed 
to SLE (Gross, 1940; Ziporen et al., 1996). These valvular lesions 


are typically clinically silent and are frequently associated with 
thickened, functionally impaired cardiac valves that are prone to 
hemodynamic deterioration. The causative mechanisms for this 
pathology have yet to be defined (for review, see Tenedios et al., 
2006). Similar cardiac and endocardial lesions are found in patients 
with cancer and other debilitating diseases - so-called nonbacte- 
rial thrombotic endocarditis. A recent study suggests that there is a 
significant association between valvular lesions and stroke or TIA 
in patients with primary AAS but not in patients with both AAS 
and SLE (Krause etal., 2005). 

The origins of atherosclerosis comprise a multifaceted 
histopathological process. It has been proposed that the oxida¬ 
tive modification of low- density lipoprotein in vivo may be a cen¬ 
tral contributor to atherogenesis. Therefore, anti-phospholipid 
antibodies may play a role in atherosclerosis because of a cross¬ 
reactivity with oxidized anti-phospholipid antibodies (Matsuura 
etal., 1998; Vaarala, 1998). 

Venous sinus thrombosis 

Anti-phospholipid antibodies may be an important factor con¬ 
tributing to cerebral venous sinus thrombosis even in the pres¬ 
ence of other potential risk factors for thrombosis (Carhuapoma 
et al., 1997), including the syndrome of activated protein C resis¬ 
tance due to Factor V Leiden mutation (Deschiens et al., 1996). 
The onset of cerebral venous sinus thrombosis in patients with 
anti-phospholipid occurs at a younger age and has more exten¬ 
sive superficial and deep cerebral venous system involvement than 
does cerebral venous sinus thrombosis without anti-phospholipid 
antibodies. Headache, papilledema, seizures, focal deficits, coma, 
and death contribute to the clinical classification of cerebral 
venous sinus thrombosis, along with pathological identification 
of hemorrhagic infarction (Ameri and Bousser, 1992). Patients 
who present with cerebral venous sinus thrombosis typically 
have headache (85%), long tract signs (35%), cognitive distur¬ 
bances (25%), and/or visual dysfunction (40%). In addition, a 
higher rate of postcerebral venous sinus thrombosis headache and 
more infarctions on brain imaging studies are seen in patients 
with anti-phospholipid antibodies than in those without them 
(Carhuapoma etal., 1997). 

Sneddon's syndrome and other vascular dementia 

Recurrent stroke in patients with livedo reticularis (Sneddon’s syn¬ 
drome) has been associated with anti-phospholipid antibodies 
(Kalashnikova et al., 1990). The frequency of anti-phospholipid 
antibodies in patients with Sneddon’s syndrome has ranged from 
0% to 85% (Kalashnikova etal., 1990; Tourbah etal., 1997; Zelger 
et al., 1993). This syndrome is also frequently accompanied 
by dementia, most likely on the basis of multiple infarctions. 
Sneddon’s original patients all had focal neurological deficits that 
he considered to be “limited and benign,” leaving little residual 
disability (Sneddon, 1965). Subsequent descriptions of the syn¬ 
drome have revealed a spectrum of clinical neurological man¬ 
ifestations. Zelger et al. (1993) described three stages of neu¬ 
rological involvement: (i) “prodromal” symptoms such as dizzi¬ 
ness or headache preceding focal neurological deficits by years; 
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(ii) recurrent focal neurologic deficits due to recurrent cerebral 
ischemia, also lasting years; and (in) progressive cognitive impair¬ 
ment leading to severe dementia. Tourbah etal. (1997) retrospec¬ 
tively studied 26 Sneddon’s syndrome patients and correlated MRI 
abnormalities with disability, the presence of cardiovascular risk 
factors, cardiac valvular abnormalities on echocardiography, and 
titer of anti-phospholipid antibodies. Disability (defined by mem¬ 
ory disturbance or ability to perform activities of daily living) was 
found in 50% of patients and was severe (consisting of dementia) 
in more than half of patients with disability. Systemic hyperten¬ 
sion was present in 65%, cardiac valvular abnormalities in 61%, 
and anti-phospholipid antibodies in 42% of patients, with no cor¬ 
relation found between any of these and MRI abnormalities. The 
presence of disability was correlated with increasing severity of 
MRI lesions. An anti-phospholipid antibody-associated dementia 
without the other features of Sneddon’s syndrome has also been 
described. In many patients, this appears to be because of mul¬ 
tiple cerebral infarctions. In addition, catastrophic AAS (CAAS) 
can occasionally be present with an acute organic brain dysfunc¬ 
tion characterized by fulminant encephalopathy (Chinnery etal., 
1997). 

An association between high anti-cardiolipin antibody titers and 
cognitive dysfunction has been found in patients without SLE or 
other collagen vascular disease (Cesbron et al., 1997; Chapman 
etal, 2002; Jacobson etal., 1999; Mosek etal., 2000). For example, 
Schmidt etal. (1995) found subtle neuropsychological dysfunction 
in otherwise normal elderly people with increased levels of anti- 
cardiolipin antibody IgG. This correlation with anti-cardiolipin 
antibody IgG titers was significant despite the lack of evidence 
of any anatomic abnormalities on MRI or correlation of anti- 
cardiolipin antibody positivity with MRI. DeMoerlooseetaZ. (1997) 
evaluated the prevalence of anti-cardiolipin antibody among 192 
elderly patients. The overall prevalence of anti-cardiolipin anti¬ 
bodies was 10.9% and decreased by decade in patients 70-99 years 
old from 18% to 10% to 7%, whereas the prevalence of antinuclear 
antibody positivity increased by decade from 22% to 32% to 42%. 
There was no association between the presence of anti-cardiolipin 
antibodies and decreased survival. In contrast, and in keeping with 
previous findings, Cesbron et al. (1997) found a trend towards an 
increased prevalence of anti-cardiolipin antibodies by decade in 
1042 elderly subjects between the ages of 60 and 99 years. In addi¬ 
tion, high anti-cardiolipin antibody levels were associated with 
increased physical disability in this population independent of 
age, gender, visual or hearing abnormalities, Mini-Mental State 
Examination scores, or history of cerebrovascular or cardiovascu¬ 
lar disease. Mosek et al. (2000) studied 87 elderly demented and 
69 elderly nondemented patients and found that anti-cardiolipin 
antibody IgG positivity is more frequent in demented patients. In 
the first study of the relationship between anti-phospholipid and 
cognitive dysfunction in a non-elderly population, Jacobson et al. 
(1999) found a significant association between anti-cardiolipin 
antibody IgG levels and cognitive dysfunction. 

Anti-phospholipid antibody positivity has been associated with 
several different patterns of cognitive dysfunction in patients with 
SLE, depending on the study. Verbal memory deficits, decreased 
psychomotor speed, and decreased overall productivity have been 


significantly correlated to elevated anti-phospholipid antibody 
levels (Denburg etal., 1997; Hanlyefa/., 1999; Lerita etal., 2002; 
McLaurin et al., 2005; Menon et al., 1999). Denburg et al. (1997) 
found LA SLE-positive patients to score significantly lower than 
LA-negative patients on measures of verbal memory, cognitive 
flexibility, and psychomotor speed. In addition, cognitive deficits 
were noted even in patients who had no past or present clinical 
neuropsychiatric event, suggesting a specific association between 
antibodies and cognitive functioning. 

Menon etal. (1999) reported that SLE patients with persistently 
elevated IgG anti-cardiolipin antibody levels over a period of 2- 
3 years performed significantly worse than SLE patients with occa¬ 
sionally elevated or never elevated titers on a variety of neuropsy¬ 
chological tests. These results were not observed with anti-DNA 
antibody titers or C3 levels. Attention and concentration, as well 
as psychomotor speed, were the domains most affected. Hanly 
et al. (1999) followed 51 female SLE patients over a 5-year period 
and found that persistent anti-cardiolipin antibody IgG elevations 
were associated with decreased psychomotor speed, whereas per¬ 
sistent anti-cardiolipin antibody IgA elevations were correlated 
with problems with executive functioning and reasoning abili¬ 
ties. They also found no association between cognitive deficits and 
anti-DNA antibodies. McLaurin etal. (2005) prospectively studied 
the relationship between anti-cardiolipin antibodies and anti- 
h 2 GP-I antibodies in 123 SLE patients over 3 years. Factors sig¬ 
nificantly associated with cognitive decline were persistently pos¬ 
itive anti-phospholipid antibody levels, prednisone use, diabetes, 
higher depression scores, and less education. All of these prospec¬ 
tive studies found a relationship between persistently positive 
anti-cardiolipin antibody IgG levels and cognitive dysfunction, 
suggesting that sustained exposure to anti-phospholipid antibod¬ 
ies may be required for the development of this manifestation. 
The underlying pathophysiologic mechanism is not clear, but 
multiple small ischemic events, vasculopathy leading to diffuse 
chronic brain ischemia, and direct antibody effects have all been 
suggested. 

Progressive sensorineural hearing loss 

Toubi etal. (1997) studied the association between anti-cardiolipin 
antibodies and sudden or progressive sensorineural hearing loss 
in 30 patients and matched normal controls. None of the con¬ 
trol group had anti-cardiolipin antibodies, whereas 27% of the 
patient group had anti-cardiolipin antibodies in low to moder¬ 
ate titers (Toubi etal., 1997). Of the patients with anti-cardiolipin 
antibodies, five of eight had sudden deafness. In addition, two 
of five patients with sudden deafness and anti-cardiolipin anti¬ 
bodies relapsed as compared with none of six patients without 
them. Naarendorp and Spiera (1998) reported six patients with 
SLE or a lupus-like syndrome with sudden sensorineural hearing 
loss, all of whom had anti-cardiolipin antibody or LA. The authors 
suggest that sudden sensorineural hearing loss may be a previ¬ 
ously unrecognized manifestation of AAS and that the mecha¬ 
nism is likely to be vascular, and they speculate that the appro¬ 
priate treatment for these patients may be anticoagulant therapy. 
Progressive sensorineural hearing loss has also been described in 
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a patient with CAAS who also met criteria for Susac’s syndrome 
(microangiopathic disorder of unknown pathogenesis present¬ 
ing with encephalopathy, hearing loss, and branch retinal artery 
occlusions) (Bucciarelli etal., 2004). 

Transient global amnesia 

Transient global amnesia, a syndrome of sudden, unexplained 
memory loss, has been associated with anti-phospholipid anti¬ 
body immunoreactivity (Montalban et al., 1989; Ortego-Centeno 
et al., 2006). The etiology of transient global amnesia in patients 
without anti-phospholipid antibodies is controversial and thought 
to be related to ischemia or epileptiform activity in bilateral hip¬ 
pocampal areas. As both cerebral ischemia and epilepsy have been 
associated with anti-phospholipid antibodies, either could play 
a role in anti-phospholipid antibody-associated transient global 
amnesia (Ortego-Centeno etal., 2006). 

Ocular manifestations 

Many reports of stroke and TLA associated with anti-phospholipid 
antibodies include some patients with ocular ischemia as well 
(Labutta, 1996; Rafuse and Canny, 1992). The ophthalmo¬ 
logic ischemic manifestations commonly associated with anti¬ 
phospholipid antibody include anterior ischemic optic neuropa¬ 
thy, branch and central retinal artery occlusions, cilioretinal artery 
occlusions, combined artery and vein occlusions, and amaurosis 
fugax (Labutta, 1996). These manifestations are found in patients 
with both primary and secondary AAS APS. 

Neuroimaging studies 

Brain MRI studies in patients with AAS (primary or secondary) 
have revealed small foci of high signal in subcortical white matter 
scattered throughout the brain (Molad etal., 1992; Provenzale etal., 
1994; Toubi et al., 1995). This type of pattern is seen in many 
other disease processes and is, as such, nonspecific. The corre¬ 
lation between MRI lesions in patients with antiphospholipid and 
clinical nervous system symptoms is reported to be high by some 
investigators (Provenzale et al., 1994; Tietjen et al., 1998; Toubi 
et al., 1995) and not by others (Sailer et al., 1997; Schmidt et al., 
1995). Figure 38.1 illustrates multiple cerebral infarction on brain 
imaging in a 23-year-old woman with anti-phospholipid antibod¬ 
ies and SLE. 

Toubi et al. (1995) found anti-phospholipid antibody aPL 
immunoreactivity in 53/96 (55%) SLE patients with central ner¬ 
vous system (CNS) manifestations as compared to 20/100 (20%) 
of SLE patients without them. In this study, 53 patients with 
CNS manifestations underwent MRI and 33 showed high-density 
lesions that were interpreted as 'suggestive of vasculopathy.’ MRI 
abnormalities were seen more frequently in patients with anti¬ 
phospholipid antibody immunoreactivity as compared to those 
without. Some of these patients with MRI abnormalities had 
seizures or psychiatric disturbances but not stroke. This suggests 
that, in some cases, anti-phospholipid antibody-associated neu¬ 
rologic manifestations may be because of an anti-phospholipid 



Figure 38.1 Multiple cerebral infarctions on brain imaging in a 23-year-old 
woman with anti-phospholipid antibodies and SLE. 

antibody-brain phospholipid interaction, whereas in others the 
underlying pathogenic feature may be thrombotic. 

Sailer et al. (1997) studied 35 SLE patients with inactive SLE 
using brain MRI and positron emission tomography (PET) imag¬ 
ing, neuropsychological testing, a neurological examination, and 
serum testing for anti-phospholipid antibodies and anti-neuronal 
antibodies. Twenty patients had neurological deficits, three had 
psychiatric symptoms, and 10 had cognitive impairment. No dif¬ 
ferences in global glucose utilization by PET imaging were seen 
between SLE patients compared to those without neurological 
or cognitive abnormalities. On MRI, the number and size of the 
white matter lesions correlated with the presence of neurological 
deficit, but were unrelated to the severity of cognitive impairment. 
Large lesions (>8 mm) were associated with high anti-cardiolipin 
antibody IgG levels. Tietjen et al. (1998) also found an associa¬ 
tion between MRI lesions and anti-cardiolipin antibody levels in 
young patients with migraine-associated transient focal neuro¬ 
logic events. In a study evaluating the association between neu¬ 
ropsychological abnormalities and anti-phospholipid antibodies 
in an elderly population, no association between anti-cardiolipin 
antibodies and MRI lesions was found, supporting Sailer’s findings 
in the group with cognitive impairment only (Schmidt etal., 1995). 
Hachulla et al. (1998) performed brain MRI in patients with pri¬ 
mary and secondary AAS. Both cerebral atrophy and white matter 
lesions were more common in both groups with respect to control 
subjects. The number and volume of white matter lesions were 
increased in patients with primary and secondary AAS who also 
had neurological symptoms. Only a weak correlation was found 
between the presence of LA and cerebral atrophy. 

In addition to MRI, Specker et al. (1998) report the use of 
the transcranial Doppler technique for the assessment of stroke 
risk in patients with anti-phospholipid antibodies. Transcranial 
Doppler has been used to identify microembolic signals, which 
have been detected in the intracranial circulation of patients with 
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carotid artery disease, artificial heart valves, and coagulopathy, 
but are infrequently associated with small-vessel disease. They are 
thought to arise from vascular air bubbles, formed elements, and 
experimentally induced emboli (Padayachee et al., 1987; Russell 
et al., 1991; Spencer et al., 1990), and are detected based on the 
site, degree, extent, and surface of stenosis (Sitzer etal., 1995). The 
use of transcranial Doppler to detect microembolic signals in AAS 
is an inexpensive, noninvasive method. It may offer an approach 
in risk stratification and possibly therapy monitoring in patients 
with anti-phospholipid antibodies (Brey and Carolin, 1997). Two 
of the patients with the highest event rates were anti-phospholipid 
antibody positive, and the rate of microembolic signals correlated 
with the titer of IgG-anti-cardiolipin antibody, arguing for a patho¬ 
physiological association between anti-phospholipid antibodies 
and microembolic signals. 

Potential mechanisms for 
anti-phospholipid-induced thrombosis 

The range of clinical manifestations in AAS might be explained by 
the breadth of autoantibodies and their characteristics (specificity, 
affinity/avidity, valency, titer). Consequently, mechanisms maybe 
widely characterized by those involving antibody interference with 
hemostatic reactions and those involving cell-mediated events (for 
review, see Roubey, 1998). 

A variety of effects on platelets, coagulation proteins, and 
endothelial cells have been ascribed to anti-phospholipid anti¬ 
bodies, making them not only serological markers for AAS, but 
direct contributors to the development of thrombosis and other 
clinical manifestations. fe 2 GP-I binding to phosphatidyl serine 
may serve in the identification of apoptotic cells, because cells 
undergoing apoptosis are known to redistribute phospholipids to 
expose phosphatidyl serine on the extracellular surface (Casciola- 
Rosen et al., 1996). In vitro opsonization of apoptotic cells by 
f? 2 GP-I antibodies enhances scavenger macrophage binding. With 
respectto platelet-antibodyinteractions, Arnout (1996) has drawn 
attention to the similarities between the pathogenic mecha¬ 
nism for heparin-induced thrombocytopenia and a potential 
mechanism for anti-phospholipid antibody-induced thrombosis. 
Heparin-induced thrombocytopenia involves antibody binding of 
a protein (mainly platelet factor 4) that is bound to heparin, which 
then interacts with the cellular Fc-gamma receptor to induce acti¬ 
vation of a prothrombotic process. There is emerging evidence 
that anti-phospholipid antibody binding to phospholipid com¬ 
plexes on various cells, including platelets and vascular endothe¬ 
lium, also results in their activation through the Fc-gamma 
receptor (Meroni etal., 1998). Campbell etal. (1995) have demon¬ 
strated the induction of a dose-dependent increase in the activa¬ 
tion and aggregation of human platelets using antiphospholipid 
from patients with AAS. This effect appears to be mediated through 
binding to phosphatidyl serine or /uGl’-l. The feasibility of fo 2 GP-I 
binding to endothelial cells is more controversial because they 
infrequently express large amounts of negatively charged struc¬ 
tures at the cell surface. Recent evidence suggests that h 2 GI’-i may 
be involved in lipid metabolism and may serve as an endothelial 
growth factor. Meroni etal. (1998) have demonstrated that b 2 GP-l 


probably binds to endothelial cells through heparin-sulfate pro¬ 
teoglycan, which plays a role in the function ofvascular endothelial 
growth factors. 

Both passive and active immunization of normal laboratory 
mice with either anti-phospholipid antibodies or with fi 2 GP-I 
results in the induction of an experimental AAS, including throm¬ 
bocytopenia, placental infarction and fetal loss, myocardial infarc¬ 
tion, and neurological dysfunction (for review, see Ziporen and 
Shoenfeld, 1998). Some AAS may arise because of infection 
by common viruses and bacteria (for review, see Gharavi and 
Pierangeli, 1998). Gharavi et al. (1995) showed that pathogenic 
anti-phospholipid antibodies and anti-fi 2 GP-I antibody produc¬ 
tion can be induced following immunization with mutant forms 
of fi 2 GP-I containing the anti-phospholipid antibody binding site 
alone. A subsequent Genebank screen yielded seven proteins 
with sequence homology to the mutant proteins. Four of the 
peptides were identified as part of viruses or bacteria to which 
humans are commonly exposed (human cytomegalovirus and 
Bacillus subtilis). Interestingly, these peptides had a greater abil¬ 
ity to bind phospholipids than the mutants they generated. Nor¬ 
mal mice immunized with these viral protein fragments devel¬ 
oped anti-phospholipid antibodies and developed intrauterine 
fetal death, spinal cord infarction, and thrombosis (Gharavi 
et al., 1996), suggesting that infection may well be the trigger 
for pathogenic anti-phospholipid antibody production (Gharavi 
and Pierangeli, 1998). A recent report describing APS associated 
with cytomegalovirus infection illustrates that infection-induced 
anti-phospholipid antibodies may occasionally be associated with 
thrombosis (Labarca et al., 1997). In support of this proposal, 
Vermylen et al. (1998) provide corroborative evidence for infec¬ 
tive origins of anti-phospholipid antibodies. Varicella-associated 
neutralizing antibodies against Protein S present clinical resem¬ 
blance to purpura fulminans, a congenital homozygous protein S 
deficiency that may exhibit widespread cutaneous thrombosis and 
necrosis shortly following birth (Marlar and Neumann, 1990). Sim¬ 
ilar symptoms may arise from IgG and IgM antibodies to protein 
S in children recovering from varicella infection. Ultimately, com¬ 
mon bacterial or viral infection might incite similar mechanisms 
in humans and yield anti-phospholipid antibody production in 
AAS. 

The possible roll complement activation was demonstrated 
on mice deficient in C3 and C5. These were resistant to the 
enhanced thrombosis and endothelial cell activation induced by 
anti-phospholipid antibodies. Furthermore, the inhibition of C5 
activation using anti-C5 monoclonal antibodies prevented throm¬ 
bosis. (Pierangeli etal., 2005). 

Many investigators favor a “two-hit” hypothesis to explain how 
AAS antiphospholipid might lead to thrombosis; (i) continually 
circulating AAS antiphospholipid and phospholipid-binding pro¬ 
teins require (ii) a local trigger (i.e. infection, injury, endothe¬ 
lial cell activation) to induce site-specific thrombosis or amplify 
the thrombotic process (Vaarala, 1998). This hypothesis proposes 
anti-phospholipid antibody induction of a prothrombotic state in 
which thrombosis is triggered by an otherwise insufficient local 
trigger (Roubey, 1998). Thrombosis would require a second trig¬ 
gering factor, so explaining why patients with persistent serum 
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autoantibodies display clotting events only occasionally and in the 
absence of detectable Ig deposits (Meroni et al., 1998). Although 
there is some evidence that anti-phospholipid antibodies may 
actually lead to accelerated atherosclerosis, the majority of evi¬ 
dence favors a prothrombotic mechanism that amplifies thrombo¬ 
sis in certain settings. Pierangeli and Harris (1998) demonstrated 
larger clot size with a longer time to dissolution in mice adminis¬ 
tered human anti-phospholipid antibodies compared to control 
IgG using a pinch-clamp injury model. Taken together, these stud¬ 
ies provide important evidence that antibodies to phospholipids 
and phospholipid-binding proteins like b 2 GP-\ can cause throm¬ 
bosis and other antibody-mediated clinical manifestations. 

Treatment 

Appropriate therapy for cerebrovascular SLE must include the pre¬ 
vention of vasculopathies as well as the minimizing of ischemic 
damage when it occurs. Unless there is evidence of active inflam¬ 
mation, corticosteroids and immunosuppression are rarely indi¬ 
cated. Acute therapy consists of limiting the extent of damage to the 
ischemic tissue, rest, antiplatelet agents, and appropriate blood 
pressure management avoiding tight blood pressure control that 
may result in hypoperfusion (Navarrete and Brey, 2000). 

Treatment of AAS can be directed at thrombo-occlusive events 
using antithrombotic medications or at modulating the immune 
response with immunotherapy (Brey, 2004). In the case of throm¬ 
botic manifestations, both approaches have been used. There are 
no data that address the use of any specific treatment strategies 
forprimary prevention of antiphospholipid-associated stroke. The 
aforementioned Euro-Phospholipid Project Group will also have 
some information that will shed light on the issue of primary pre¬ 
vention although, in that study, patients are not randomized to a 
specific treatment (Cervera etal, 2002). 

Treatment such as platelet antiaggregant and anticoagulant 
therapy for secondary stroke prevention have both been used 
in AAS and in cerebrovascular disease associated with anti¬ 
phospholipid antibody immunoreactivity (Crowther et al., 2003; 
Khamashta et al., 1995; Levine et al. } 2004; Rosove and Brewer, 
1992). Two groups have retrospective data to suggest that high- 
intensity warfarin treatment (vs. low- or moderate-intensity war¬ 
farin or aspirin treatment) is associated with better outcomes 
in selected cohorts with various types of thrombotic events 
(Khamashta et al., 1995; Rosove and Brewer, 1992). Patients 
reported on in these studies did not have repeat anti-phospholipid 
antibody testing and would not fulfill current criteria for AAS. 

Crowther et al. (2003) recently reported the results of the first 
randomized, double-blind, controlled trial of two different inten¬ 
sities of warfarin treatment on the prevention of recurrent throm¬ 
botic events in patients with AAS APS. There were 114 patients 
enrolled in the study and followed for an average of 2.7 years. 
The average international normalized ratio (INR) values in the 
moderate- andhigh-intensity groups were2.3 and3.3, respectively. 
Recurrent thrombosis occurred in 2/58 (3.4%) patients assigned to 
moderate-intensity warfarin and in 6/56 (10.7%) patients assigned 
to receive high-intensity warfarin. There was no difference in 
recurrent thrombosis or major bleeding rates between the two 


groups. These results suggest that high-intensity warfarin treat¬ 
ment is not more effective than moderate-intensity treatment in 
preventing recurrent thrombotic events in patients with AAS. The 
study did not specifically address the end-point of stroke. 

The APASS Group recently completed the first prospective study 
of the role of antiphospholipid in recurrent ischemic stroke in col¬ 
laboration with the WARSS group (Levine et al., 2004). This con¬ 
trolled and blinded study was initiated in 1993 and compared the 
risk of recurrent stroke and other thromboembolic disease over a 
2-year follow-up period in patients with ischemic stroke who were 
randomized to either aspirin therapy (325 mg/day) or warfarin 
therapy at a dose to maintain the INR between 1.4 and 2.8. The 
suggested target INR was 2.2. The purpose of the study was to col¬ 
lect information about recurrent stroke rates in antiphospholipid¬ 
positive versus antiphospholipid-negative patients controlling for 
treatment. There were 882 patients randomized to warfarin and 
890 patients randomized to aspirin who participated in APASS. No 
increased riskofthrombotic eventwas associated with the baseline 
antiphospholipid in either the warfarin-treated patients (relative 
risk [RR] 0.97; 95% Cl, 0.74-1.27, p = .82) or the aspirin-treated 
patients (RR 0.96; 95% Cl, 0.71-1.29, p = .77). Patients with base¬ 
line positivity for both LA and anti-cardiolipin antibodies tended 
to have a higher event rate (31.7%) than did patients who were 
negative on both antibodies (24.0%) - RR 1.36 (95% Cl, 0.97-1.92, 
p = .07). There was no difference in major bleeding complications 
between treatment groups. Thus it appears that, for patients with 
a positive anti-phospholipid antibody determination at a single 
time point at the time of ischemic stroke (including low titers of 
anti-cardiolipin antibodies and/or IgA anti-cardiolipin antibod¬ 
ies), aspirin and warfarin therapy at an INR of approximately 2.0 
are equivalent regarding stroke recurrence and major bleeding 
complications. 

CAAS is being recognized as a rare presentation of thrombo¬ 
sis with involvement of the small vasculature and a mortality of 
about 50%. It resembles a thrombotic thrombocytopenic purpura. 
Involvement of the CNS is a common feature of CAAS. Its manage¬ 
ment includes the treatment of the primary cause, which is gen¬ 
erally an infectious process and plasma exchange or intravenous 
IgG for the most severe causes (Vora etal., 2006). 
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DISSEMINATED INTRAVASCULAR DISEASE 

Robert J. Schwartzman and Monisha Kumar 


Disseminated intravascular coagulation 

Disseminated intravascular coagulation (DIC) is a disorder of 
clotting caused by a cytokine-induced systemic inflammatory 
response that results in consumption of platelets, coagulation fac¬ 
tors, and tissue factor plasma inhibitors (TFPIs) (Bick, 1992). It cul¬ 
minates in fibrin deposition-mediated thrombosis of vessels in all 
organ systems (Franchini, 2005; Hanlyefa/., 2002). It is seen in the 
setting of: 

• sepsis (Gando etal., 1998) 

• malignancy (Barbui and Falanga, 2001; Carroll and Binder, 1999; 
Colman and Rubin, 1990; Donati and Falanga, 2001) 

• trauma (Gando, 2001) 

• burns (Garcia-Avello etal., 1998) 

• obstetric catastrophes (Letsky, 2001; Weiner, 1986) 

• hip replacement (Breakwell etal., 1999) 

• intravascular hemolysis (Krevans etal., 1957) 

• viremia (Persoons etal., 1998) 

• prosthetic devices (Bick, 1996) 

• Kasabach-Merritt syndrome (Shoji etal., 1998) 

• status epilepticus (felcher el al., 1998) 

• catastrophic antiphospholipid syndrome (APS) (Asherson, 
1998) 

• stroke in the setting of a medical intensive care unit (Wijdicks 
and Scott, 1998) 

• malignant pheochromocytoma (Arai etal., 1998) 

• Klippel-Trenaunay-Weber syndrome (Katsaros and Grundfest- 
Broniatowski, 1998) 

Virtually any process that releases tissue factor into the systemic 
circulation or activates the vascular endothelium to release exci¬ 
tatory cytokines can initiate the process. 


General clinical features of DIC 

DIC is a syndrome caused by an underlying disease process and is 
not a disease in and of itself. The extrinsic or tissue factor system 
is abnormally activated and induces systemic coagulation (Gando 
etal., 1999). There is usually an early thrombotic phase that causes 
the deposition of fibrin throughout the small and medium-sized 
blood vessels of all organ systems. This is followed by consump¬ 
tion of clotting factors and platelets followed by fibrinolysis. Sys¬ 
temic hemorrhage is its most impressive feature. Most patients 
develop extensive bleeding from previous surgical or venipunc¬ 
ture sites, mucous membranes, or arterial and surgical wounds. 


Acrocyanosis of extremities is common, and rarely the nose 
and genitalia are involved (Baker, 1989; Franchini, 2005). Gram¬ 
negative sepsis with hyperhidrosis, hyperventilation, and shock 
in a hospital setting is the most common presentation (Bick, 
1992). Compensated DIC patients often have a solid tumor or 
connective tissue disease (Bick, 1988; Franchini, 2005). They have 
<150 000 platelets/mm 3 , increased turnover, and decreased sur¬ 
vival of clotting factors with increased levels of fibrin degradation 
products (FDPs) (Bick, 1988). They present with subacute bleed¬ 
ing and thrombosis of small blood vessels rather than hemorrhage 
(Bick, 1992). They may be asymptomatic (Bick, 1992).The systemic 
clinical signs and symptoms of DIC are also dependent on the most 
affected organ system. DIC and sustained systemic inflammatory 
response syndrome (SIRS) frequently also occur concomitantly 
after major trauma (Bick, 1988). In this setting, the lung (acute 
respiratory distress syndrome), heart, and kidney (renal failure) 
determine the major clinical manifestations. 


Pathogenesis of DIC 

The four major mechanisms proposed for the initiation and main¬ 
tenance of DIC are: 

• increased generation of thrombin 

• activation of inflammatory pathways with release of excitatory 
cytokines 

• depressed fibrinolysis 

• altered inhibition of thrombosis (Franchini, 2005) 

The overwhelming majority of patients have dramatic and simul¬ 
taneous activation of the tissue factor/factor Vila (TF/F Vila) 
extrinsic coagulation pathway and the release of inflammatory 
cytokines (Hanly et al., 2002; Franchini, 2005). Each triggering 
illness affects one or all of the above noted mechanisms. 
These mechanisms frequently overlap. Thus activated coagulation 
enzymes stimulate endothelial cells to produce proinflammatory 
cytokines, which in turn activate proteases of the extrinsic coagu¬ 
lation cascade. 

The result of DIC is widespread coagulation that results in fibrin 
deposition in medium and small-sized vessels in all organ systems. 
Occasionally a large vessel is involved. The best studied animal 
models of DIC use Gram-negative bacterial cell-wall endotoxin 
that leads to a systemic increase of proinflammatory cytokines 
(Dempfle, 2004; Franchini, 2005; Wheeler and Bernard, 1999). The 
most common clinical setting for DIC evokes a systemic inflam¬ 
matory response that leads to up-regulation and secretion of the 
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inflammatory cytokines interleukin (IL)-l, IL-(5, and tumornecro- 
sisfactor-a (TNF-a) (Conway and Rosenberg, 1988). 

The extrinsic clotting cascade is activated during DIC by a com¬ 
plex of TF and F VII. Tissue factor is a tissue membrane glycopro¬ 
tein that binds its zymogen cofactor to F VII on the cell surface. Acti¬ 
vated TF / F Vila then activates factors X and IX that initiate clotting. 
Experimental studies have shown that inhibition of the extrinsic 
pathway blocks endotoxin-induced thrombin generation, which 
proceeds in the face of intrinsic pathway blockade (Biemond etal., 
1995; Pixley etal., 1993). The most likely source of tissue factor in 
DIC is mononuclear lymphocytes and vascular endothelial cells 
(Esmon, 2001; Rivers et al., 1975). The expression of tissue factor 
on these cells is induced by endotoxin and tumor necrosis factor. 

The major physiologic anticoagulants antithrombin III, acti¬ 
vated protein C, thrombomodulin, and TFPI are down-regulated, 
reduced in quantity, or dysfunctional during DIC (Hanly et al., 
2002). This amplifies thrombin generation and promotes the 
formation and deposition of fibrin (Esmon, 2001). Decreased 
antithrombin plasma levels have been demonstrated during sep¬ 
sis, which is mediated by consumption, enzyme degradation, or 
impaired synthesis and is the most common cause of DIC (Levi 
etal., 2004). 

Thrombomodulin is an endothelial cell surface receptor that 
when complexed with thrombin activates the protein anticoagu¬ 
lant protease PC that inhibits factor Va and Vila. The up-regulated 
and released IL-1 (3 and TNF-a seen in DIC down-regulate endothe¬ 
lial expression of thrombomodulin and are mechanisms that pro¬ 
motes clotting (Esmon, 2001; Faust et al., 2001). Activated pro¬ 
tein C may also inhibit leukocyte activation and inflammatory 
cytokine secretion (de Jonge et al., 2000). Tissue factor inhibitor 
dose-dependently blocks coagulation activation independently of 
effects on cytokine induction or perturbation of the fibrinolytic 
system in humans (de Jonge E et al., 2000; Maruyama, 1999). 
It also completely inhibits endotoxin-induced thrombin gener¬ 
ation, which supports its involvement in the pathogenesis of DIC 
(Creasey etal., 1993). 

Experimental models of bacteremia and endotoxemia show 
increased fibrinolytic activity thought to be induced by the release 
of plasminogen activators from endothelial cells. This early hyper- 
hbrinolytic response is down-regulated by increased levels of 
plasminogen activator inhibitor type I (PAI-1) (Levi et al., 2003; 
Suffredini etal., 1989). 

Underlying mechanisms that initiate DIC 

As noted above, release of IL-1, IL-6, and TNF-a from 
macrophages, monocytes, and lymphocytes at the site of injury 
or systemically during sepsis converts the antithrombotic blood 
vessel endothelium to a prothrombotic surface. Septicemia is the 
most common clinical condition associated with DIC (Franchini, 
2005). There is no difference in its incidence with Gram-negative 
or Gram-positive organisms. The generalized activation of coagu¬ 
lation is initiated by lipopolysaccharides from the cell membrane 
and release of endotoxins in the former and bacterial exotoxins 
(staphylococcal a hemolysin) in the latter, which activate TNF-a 


and IL-1 (Dempfle, 2004; Faust etal., 2001; Wheeler and Bernard, 
1999). Tissue factor release that occurs with burns and trauma 
induces systemic activation of inflammatory cytokines that ini¬ 
tiates coagulation (Gando, 2001; Levi et al., 2003; Roumen et al., 
1993; Sauerwein et al., 1993). The primary mechanisms in these 
states appear to be the release of constitutively expressed tissue 
factor from endothelial cells (Gando, 2006). The exact mechanisms 
of cancer-associated thrombosis have not been elucidated. DIC 
may be seen in up to 15% of solid and hematologic tumors, partic¬ 
ularly acute leukemia (Donati and Falanga, 2001; Furie and Furie, 
2006). Possible mechanisms for the high incidence of thrombosis 
with cancer are: 

• release of tissue factor during cancer cell death from chemother¬ 
apy 

• expression and release of tissue factor by cancer cells 

• release of tumor procoagulants and microparticles 

Tissue factor microparticles are seen in cancer patients who have 
thromboembolic complications (Donati and Falanga, 2001). A 
severe hyperfibrinolytic state occurs with systemic activation of 
coagulation with promyelocytic leukemia (Barbui and Falanga, 
2001). Metastatic malignant cells express both tissue factor and 
urokinase receptors that are important for neovascularization and 
clotting (Francis, 1998). Rarely DIC may be the first manifesta¬ 
tion of adenocarcinoma of the prostate. Prostate biopsy in this 
context may exacerbate the coagulation disorder (Navarro et al., 
2005). Cancer of the prostate may also present as a consumptive 
coagulopathy with fibrinolysis (Bern, 2005). DIC occurs in approx¬ 
imately 50% of patients with amnio tic fluid embolism, the retained 
fetus syndrome, and abruptio placentae. Tissue factor release and 
placental enzymes may activate both the intrinsic and extrinsic 
systems in this clinical setting (Bick, 1992; Letsky, 2001; Weiner, 
1986). 

All collagen vascular diseases may present with compensated 
DIC (Baker, 1989). The common mechanism is postulated to be 
abnormal physiology of the endothelial cell membrane and its 
high-affinity thrombin receptor thrombomodulin. Similar mech¬ 
anisms may apply to some degree in those pathologic processes 
that affect blood vessels (angiitides, vasculitis sepsis, microangio¬ 
pathic hemolytic anemia, and viremia) (Boffa and Karmochkine 
1998). Activated macrophages and inflammatory cytokines enzy¬ 
matically cleave thrombomodulin to a soluble fragment that can 
be followed as a marker of endothelial cell damage. 

Vascular malformations such as the Kasabach-Merritt syn¬ 
drome, Klippel-Trenaunay-Weber syndrome, or aortic aneurysms, 
may trigger DIC by abnormal platelet activation or direct release 
of reduced adenosine diphosphate (ADP), membrane phospho- 
lipoprotein, or tissue factor into the circulation, which then ini¬ 
tiates the clotting cascade (Fernandez-Bustamante and Jimeno, 
2005). 

Laboratory diagnosis of DIC 

The most important component in the diagnosis of DIC is its clin¬ 
ical features and associations with illness that are known to be its 
cause (Bick, 1992; Hanly et al., 2002). There is a wide differential 
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diagnosis that includes thrombotic thrombocytopenic purpura 
(TTP), hemolytic uremic syndrome, systemic lupus erythematosus 
(SLE), catastrophic APS, HELLP, and Evans syndrome. A periph¬ 
eral blood smear in DIC often shows schistocytes, fragmented red 
blood cells (RBCs) (50% of patients) that are formed by fibrin RBC 
adhesion. The platelet count is usually <80 000 mm 3 , and large 
immature platelets and reticulocytosis are seen (Bick, 1992). The 
same findings may be seen in the other aforementioned compo¬ 
nents of its differential diagnosis. The classic laboratory features 
of DIC include prolonged prothrombin time (PT), activated partial 
thromboplastin time (aPTT), and thrombin time (Franchini, 2005; 
Schwartzman and Hill, 1982). The prothrombin and aPTT are pro¬ 
longed in 80% of patients with DIC (Bick, 1992). A caveat is that, 
in 20% of patients, the PT and PTT may be normal or increased 
due to circulating activated thrombin and Xa or early degradation 
products from fibrinolysis (Bick, 1992). 

The platelet count is low in the overwhelming majority of DIC 
patients. It varies from 2000 mm 3 to 100 000 mm 3 in patients with 
neurologic complications (Schwartzman and Hill, 1982). Platelet 
function is abnormal due to coating by fibrin fragments and abnor¬ 
mal activation. 

DIC serum has increased levels of FDPs and low levels of coagu¬ 
lation inhibitors such as protein C, thrombomodulin, antithrom¬ 
bin III, and TFPI that are either reduced or down-regulated (Yu 
et al., 2000). Fibrinogen plasma level is not a good index of DIC 
as it acts as an acute phase reactant and may be normal in all but 
severe cases (Levi and Ten Cate, 1999). There have been several 
recently developed scoring systems developed for the diagnosis of 
DIC. A commonly used system proposed by the subcommittee on 
DIC of the International Society of Thrombosis and Haemostasis 
(ISTH) uses an algorithm that consists of: 

• platelets 

• soluble fibrin monomer/fibrin (FDPs) 

• prolonged PT 

• fibrinogen level 

The sensitivity and specificity of this scoring system are >90% 
(Bakhtiari et al., 2004). A new system based on D-dimer, PT, 
fibrinogen level, and platelet count was found to be effective in 
predicting mortality (Angstwurm etal., 2006). 

A better understanding of the mechanisms underlying DIC has 
led to an array of specific markers of coagulation that may be more 
sensitive than those in common laboratory use. A recent study sug¬ 
gests that D-dimer and plasma FDPs offer the most rapid and spe¬ 
cific diagnosis of DIC, whereas antithrombin III levels document 
severity and prognosis (Schwartzman and Hill, 1982). The interest 
in utilizing physiologic anticoagulants as markers in DIC stems 
from the observation that all antithrombin III, thrombomodulin, 
protein C, and TFPIs are decreased during active disease. The fibri¬ 
nolytic system that converts plasminogen to plasmin by plasmino¬ 
gen activator (t-PA) is impaired in DIC. A postulated mechanism 
is an increased level of plasma activated inhibitor 1 (PAI-1) during 
active disease (Roumen eL al., 1993). The value of its measurement 
has not been determined. 

The importance of D-dimer is that it is a neoantigen that is 
formed during thrombin’s conversion of fibrinogen to fibrin. The 


newly generated fibrin is cross-linked by factor XIII. Plasmin 
cleaves the cross-linked fibrin that generates D-dimer. Mono¬ 
clonal antibodies against DD-3B6/22 epitope are specific for cross- 
linked FDPs (Bick, 1992). 

Indices of prothrombin conversion to thrombin are the gener¬ 
ation of intermediate prothrombin 2 and inactive prothrombin 
fragments (FI and 2). Levels of fibrinopeptide A, which are diag¬ 
nostic of the enzymatic conversion of fibrinogen to fibrin, are not 
used routinely for diagnosis. New markers such as high-mobility 
group box (HMGB) protein and others are being evaluated for diag¬ 
nosis and efficacy in the prognosis of organ failure in DIC patients 
(Asakura etal., 2006; Hatada etal., 2005). This chromosomal pro¬ 
tein is a nuclear DNA-binding protein that is released into the 
extracellular space from necrotic cells, activated macrophages, 
and dendritic cells (Hatada et al., 2005). It acts as a proinflam- 
matory cytokine and, when bound to its receptor for advanced 
glycation end products (RAGE), induces prolonged inflammation, 
organ failure, septicemia, and death. Another possible prognostic 
marker in patients with sepsis-induced DIC is deficiency of von 
Willebrand factor - cleaving protease (ADAMTS13), which is the 
genetic or autoantibody defect thought to underlie TTP (Ono etal., 
2006). The data suggest that deficiency of ADAMTS13 may be asso¬ 
ciated with sepsis-induced DIC (Ono etal., 2006). Another recendy 
described marker associated with DIC that correlates with the 
recently described sepsis-related organ failure assessment (SOFA) 
is granulocyte-derived elastase (GE-XDP) (Matsumoto etal., 2005). 

Differential diagnosis of DIC 

There are many causes of acute widespread bleeding that affect 
neurologic patients and must be differentiated from DIC due to 
therapeutic considerations. These include TTP, SLE with or with¬ 
out the catastrophic APS, primary hyperfibrinolysis, hemolytic 
uremic syndrome, and obstetrical complications (Rocha et al., 
1998). 

TTP often presents with neurological signs and symptoms that 
are seen in more than 90% of patients during the course of the 
illness (Sadler et al., 2004). The neurological signs derive from 
infarction of the gray matter. Neurologically, patients have apha¬ 
sia, hemiparesis, cranial nerve palsies, and headache. Distinguish¬ 
ing neurological features are multifocal deficits that are transient 
and recurrent. There is associated fever and renal failure in most 
instances. Most TTP is idiopathic, but in 15% of patients it may be 
related to bone marrow transplantation, ticlopidine, malignancy, 
and infection (Sadler et al., 2004). It is one of the few illnesses 
in medicine characterized by both clotting and bleeding. Almost 
all patients have a hemolytic anemia of intravascular origin. The 
peripheral blood smear contains schistocytes with polychroma- 
sia and other microangiopathic features. The haptoglobin is low, 
hemoglobinuria is present, and the direct Coombs test is negative. 
High levels of low-density lipoprotein are thought to be secondary 
to mechanical disruption of erythrocytes or body tissue. At diagno¬ 
sis, platelets are usually 50 000 mm 3 . The cause of TTP appears to 
be a deficiency in a metalloproteinase AD AMTS-13 whose activity 
is against von Willebrand factor (Sadler etal., 2004). 
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Hemolytic uremic syndrome is primarily a disease of children 
but can affect adolescents and young adults. The cause is infection 
by streptococcus pneumonia and a verotoxin-producing serotype 
of Escherichia coli (usually from poorly cooked meat) or Shigella 
infection in children (Johnson and Richardson, 1968). In adults, it 
has been seen during pregnancy and after chemotherapy or mito¬ 
mycin or cyclosporine administration (George, 2003). It has many 
overlapping clinical and laboratory features of TTP (George etal., 
1998). 

The vascular occlusions of active SLE may occur in any organ 
system and are often multiple and recurrent. Multiple small cor¬ 
tical pial artery infarctions with stroke, seizure, and psychosis as 
well as transverse myelitis are the most common central nervous 
system manifestations (Johnson and Richardson, 1968). A com¬ 
pensated form of DIC with diffuse thrombosis and mild bleed¬ 
ing is most often seen with SLE. TTP may be seen in the set¬ 
ting of SLE with thrombosis and microangiopathy (Musio et al., 
1998). 

APS is often associated with fetal loss, recurrent thrombosis, 
and morbidity in pregnancy. It is secondary to antiphospholipid 
antibodies (lupus anticoagulant and anti-cardiolipin) as well as 
impairment of the fibrinolytic system (Yasuda etal., 2005). In con¬ 
tradistinction to patients with the above-described simple APS 
that affects large arteries and veins, catastrophic APS causes mul¬ 
tiorgan failure. Its mortality is approximately 50%. Thirty percent 
of these patients develop DIC. The pathologic mechanisms under¬ 
lying the syndrome are: 

• impaired release of t-PA and enhanced release of PAI-1 inhibitor 
after endothelial activation 

• inhibition of fibrinolytic activity from elevated levels of lipopro¬ 
tein a 

• activation of the phospholipid-bound beta (2)-glycoprotein I, 
which is both a pro- and anticoagulant because of its interaction 
with phospholipid-binding proteins (coagulants) and protein C 
(Yasuda etal., 2005). Rarely Evans syndrome (hemolytic anemia 
and ITP) 

• acute fatty liver of pregnancy and multiorgan failure can be con¬ 
fused with DIC (Baron and Baron, 2005; Norton and Roberts, 
2006) 

Another obstetric complication with widespread bleeding is the 
HELLP syndrome. This is a severe form of pre-eclampsia that is 
associated with maternal and perinatal mortality (van Runnard 
Heimel et al., 2006). It consists of hemolysis, elevated liver 
enzymes, and a low platelet count, which may mimic DIC. 

A fulminant hemorrhagic syndrome that develops during 
surgery or trauma is often the first sign of a primary fibri¬ 
nolytic state. Patients bleed from mucous membranes and wounds 
because of rapid fibrinolysis (Perouanskyefa/., 1999). The patient's 
plasma may be clottable by thrombin but redissolves rapidly. 
Platelet count and function may be normal in the face of a pro¬ 
longed thrombin, PT, and PTT, depletion of clotting factors, and 
elevated titers of FDPs with a normal D-dimer. Severe hemorrhagic 
complications are common as normal fiber monomer polymeriza¬ 
tion (clot stabilization) is disrupted and fibrin fragments D and E 
adhere to platelet membranes and disrupt their function (de Haan 
and van Oeveren, 1998). 


Neurological complications of DIC 

Most patients with DIC are extremely ill and develop multior¬ 
gan system failure from septicemia, cancer, head trauma, hyper¬ 
pyrexia, and various intoxications. DIC in conjunction with the 
underlying initiating process often presents with nonfocal coma. 
The diagnosis should always be suspected if the patient has 
acrocyanosis; purpura; dusky cyanosis of the nose, ears, and 
genitalia; and is oozing blood from venipuncture sites and arterial 
lines. As noted earlier, DIC is not a disease but a consequence of 
an underlying condition. The neurologic complications that arise 
in a setting of DIC are hemorrhage in all brain compartments from 
consumption of coagulation factors and platelets and thrombosis 
of arteries, arteriole, and venous sinuses of the brain. 

The specific neurological complications that occur often during 
DIC are: 

• coma 

• depression of mental status and encephalopathy 

• subarachnoid hemorrhage 

• small and large vessel-related brain infarcts 

• embolic infarction from nonbacterial thrombotic heart valve 
lesions 

• anterior and posterior circulation intraparenchymal hemor¬ 
rhage 

• rarely bleeding into nerves, plexi, or the eye (Patchett etal., 1988; 
Saida etal., 1997) 

The cerebrovascular complications in cancer often are due to 
acute or compensated DIC. Solid tumors are associated with low- 
grade activation of the clotting cascade, often associated with sys¬ 
temic signs of venous occlusion (Trousseau’s sign) (Rogers, 2003). 
Approximately 15% of an autopsy series evaluating cerebrovascu¬ 
lar complications of patients with cancer found a 14% incidence 
of cerebrovascular disease, 7.4% of which were clinically signifi¬ 
cant. Nonbacterial thrombotic embolism was found in 18.5% of 
patients (Graus etal., 1985). Embolic stroke in a setting of adeno¬ 
carcinoma suggests nonbacterial thrombotic endocarditis (NBTE) 
(also called marantic endocarditis) that occludes middle cerebral 
artery distal pial vessels and rarely spinal cord vessels (Kearsley 
and Tattersall, 1982; Ojeda etal., 1985). 

Marantic endocarditis, which may also occur in the setting of 
any entity associated with DIC, is often verrucous (subleaflet) and 
is most common on the aortic and mitral valves (Fulham et al., 
1994). These platelet fibrin vegetations are often silent as they are 
subvalvular until they present with a focal neurological deficit. 

Recent experimental and clinical experience has demonstrated 
that intravascular coagulation (microthrombosis) is a major sec¬ 
ondary factor in extending the neurologic deficit after traumatic 
brain injury (Stein and Smith, 2004). The traumatic coagulopathy 
is not limited to the area of injury, releases tissue thromboplastin 
that causes intravascular microthrombosis, and is not associated 
with the apolipoprotein E (ApoE) genotype (Stein etal., 2005). 

Amphetamine toxicity (MDMA), methamphetamine 3,4- 
methylene deoxy-methamphetamine is a serious cause of neuro¬ 
logical complications in young patients. Reports describe hyper¬ 
pyrexia, rhabdomyolysis, neuropsychiatric manifestations, and 
arteritis in a setting of DIC (White, 2002). 
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DIC is a major cause of stroke in medical intensive care units 
and is a frequent complication of a terminally ill patient (Wijdicks 
and Scott, 1998). 

Mechanism-based treatment of DIC 

The most important aspect in the treatment of DIC is eliminat¬ 
ing the underlying cause (Franchini, 2005; Hanlyefa/., 2002). Due 
to a greater understanding both of clotting mechanisms and of 
the pathophysiology of DIC, the hope is that treatment can be 
tailored to the specific disordered mechanism of each triggering 
disease (Levi etal., 2004). Replacement therapy with platelets and 
coagulation factors is given to those patients with severe bleeding. 
In general, if the fibrinogen levels are less than 100 mg/dL and 
platelets are less than 20 000 mm 3 fresh frozen plasma at a dose of 
15-20 mg/kg is administered. Platelet transfusion is usually given 
at 1-2 |jl /10 kg of body weight (Franchini, 2005). The danger of 
increased clotting in the face of active DIC from replacement ther¬ 
apy has not occurred in clinical practice. The use of heparin in 
active DIC is still controversial (Pernerstorfer etal, 1999; Sakura- 
gawaefa/., 1993). 

It is now clear that DIC occurs from abnormal activation of the 
extrinsic clotting system. Inhibition of tissue factor by TFPI seems 
critical to the process (Bajaj and Bajaj, 1997). Experimental work 
shows evidence of a benefit in blocking tissue factor in endotoxin- 
associated thrombin generation, but clear human benefit awaits 
further trials (Abraham, 2000). 

Replenishment of coagulation inhibitors 

Antithrombin III is the most important of the thrombin inhibitors. 
It also inhibits factor Xa and acts as an anti-inflammatory by 
decreasing interleukin 1 and C-reactive protein (de Jonge et al., 
2001; Okajima and Uchiba, 1998). It has a beneficial effect in 
improving coagulation factors and organ function and decreas¬ 
ing mortality in the majority of DIC clinical trials (Fourrier et al., 
2000 ). 

The inflammatory cytokines that are induced in DIC down- 
regulate endothelial expression of thrombomodulin and impair 
the thrombomodulin-protein C system. Activated protein C blocks 
the function of factors Va and Villa and thus decreases abnormal 
clotting during DIC. Consumption of protein C during DIC is a 
major mechanism in this process (Gluck and Opal, 2004). Studies 
on the efficacy of activated protein C in severe sepsis and conse¬ 
quent DIC appear promising (Fourrier, 2004; Vincent etal., 2003). 

Other agents that are being evaluated for refractory bleeding or 
specific circumstances that lead to DIC are: 

• recombinant factor VII (rF Vila) for refractory hemorrhagic 
episodes (Moscardo etal., 2001) 

• antifibrinolytic agents for Kasabach-Merritt syndrome and 
prostate cancer (Awisati etal., 1989) 

• combined blockade of leukocyte/platelet adhesion by anti- 
selectin antibodies (Norman et al., 2003) to depress tissue 
inflammations effect on coagulation or administration of IL-10 
to decrease activation of inflammatory cytokines (Pajkrt et al., 
1997) 


• monoclonal antibodies against TNF-a in septic patients (Rein¬ 
hart and Karzai, 2001) 

• inhibition of p38 mitogen-activated protein kinase (MAPK) (a 
major component of intracellular cascades important in inflam¬ 
mation and coagulation (Branger etal., 2003) 

• recombinant chimeric monoclonal antibody (IC14) against 
human CD 14a receptor for bacterial endotoxins (Verbon etal., 
2003) 

Great advances have been accomplished in the understanding of 
the basic mechanisms of DIC. It remains a grave illness, is difficult 
to treat, and has a high morbidity and mortality, particularly in 
the presence of neurologic complications (Schwartzman and Hill, 
1982). 
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Introduction 

Cerebral vascular conditions resulting from bleeding, thrombo¬ 
sis, or a combination of both comprise subarachnoid and intrac¬ 
erebral hemorrhage (CH), ischemic stroke (IS), and transient 
ischemic attack (TIA), as well as cerebral venous and sinus throm¬ 
bosis (CVST). They are caused by a wide spectrum of blood 
disorders that include platelet and coagulation defects, throm¬ 
bophilia, hemoglobin abnormalities, and hematological malig¬ 
nancies. These blood disorders may have an inherited or an 
acquired origin, or a combination of both. 

Because of their various pathological expressions and etiolo¬ 
gies, therapeutic and preventive approaches of cerebral disorders 
resulting from bleeding, thrombosis, or a combination of both 
need to be specifically adapted to each clinical situation. 

After a brief introduction to physiological hemostasis and inves¬ 
tigation strategies, this chapter will focus on the various etiolo¬ 
gies for CH, IS, TIA, and CVST that are caused by blood disorders. 
Preventive and therapeutic approaches will be outlined. We have 
used an evidence-based approach to frame our recommendations 
when available, based upon guidelines published by medical aca¬ 
demic associations and an extensive review of the literature. Based 
upon the evidence, as well as our own experience, when we con¬ 
cluded that benefits of a particular preventive approach or treat¬ 
ment outweighed risks, we recommended the treatments. 

Physiology of hemostasis 

Primary hemostasis and blood coagulation lead to clot forma¬ 
tion in the case of blood vessel injury. It is a rapid, localized, 
and well-controlled process. Then, to restore the vessel patency, 
the clot is removed by fibrinolysis. Primary hemostasis, which is 
the primary hemostatic response, consists in the formation of a 
platelet plug that forms in the area of a vessel wall injury and 
reduces bleeding. After vascular injury, platelets adhere to exposed 
subendothelial von Willebrand factor (VWF) and collagen through 
the glycoprotein (GP) Ib/IX/V receptor complex and the GPIa/IIa 
receptor complex, respectively. Platelet adhesion to the vascular 
subendothelium induces a series of intracellular signaling events 
that result in platelet activation. Activated platelets change their 
shape, secrete their granule contents, produce thromboxane A 2 
(TXA 2 ), and aggregate. Recruitment of additional platelets by TXA 2 , 
secreted adenosine diphosphate (ADP), and thrombin leads to the 
formation of a platelet plug that later undergoes further stabiliza¬ 
tion to prevent its premature disaggregation. Activated platelets 
also provide cell-surface phospholipid for the assembly of enzyme 
complexes of the blood coagulation system. 


Tissue factor is thought to be the primary initiator of in vivo 
coagulation. Injury to the arterial or venous wall exposes nonvas- 
cular tissue factor-expressing cells to blood. Exposed tissue factor 
initiates the extrinsic pathway of blood coagulation by binding fac¬ 
tor VII or activated factor VII (factor Vila). The tissue factor-factor 
Vila complex triggers thrombin generation by activating factor IX 
and X. Factor IXa binds to factor Villa on membrane surfaces to 
form the tenase (or Xase) complex that activates factor X. Factor 
Xa propagates coagulation by binding to factor Va on membrane 
surfaces to form the prothrombinase complex. Factor Xa within 
this complex activates prothrombin to thrombin. Thrombin con¬ 
verts fibrinogen to fibrin, amplifies its own generation by activat¬ 
ing coagulation factors V and VIII, and activates factor XIII, which 
stabilizes the fibrin clot. In addition, thrombin can activate fac¬ 
tor XI, thereby leading to further factor Xa generation. The intrin¬ 
sic coagulation pathway is important in amplifying the response 
through “cross-talk” and feedback mechanisms. The blood coag¬ 
ulation cascade is schematically represented in Figure 40.1. 



Figure 40.1 Coagulation cascade. Tissue factor initiates the extrinsic pathway 
of blood coagulation by binding factor VII or activated factor VII. The tissue 
factor-FVIIa complex triggers thrombin generation by activating factor IX and X. 
The contact system proteins that include factor XII activate factor XI. Factor IXa 
forms a complex with its cofactor factor Villa and calcium. This complex is the 
major activator of factor X and is 50 times more active than the tissue 
factor-FVIIa complex. Once factor Xa is formed by either the extrinsic or the 
intrinsic pathway, it propagates coagulation by binding to factor Va on 
membrane surfaces to form the prothrombinase complex. Factor Xa within this 
complex activates prothrombin to thrombin, and thrombin converts fibrinogen 
to fibrin. The prothrombin time (PT) assesses the extrinsic and the common 
coagulation pathways and the activated partial thromboplastin time (aPTT) the 
intrinsic and the common coagulation pathways. 
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fable 40.1 Screening tests of blood coagulation and possible interpretation 

PT 

aPTT 

TT 

Fibrinogen 

Possible interpretation 

t 

Normal 

Normal 

Normal 

Factor VII deficiency (inherited or acquired) 

Normal 

t 

Normal 

Normal 

Deficiency of factor VIII, IX, XI, XII° or contact factor 0 (prekallikrein, 
high-molecular-weight kininogen), inherited or acquired; lupus anticoagulant 

t 

t 

Normal 

Normal 

Vitamin K antagonists; vitamin K deficiency; liver disease; inherited or acquired 
deficiency in factor II, V, X (rare); combined deficiency in factor V and VIII (rare); 
combined deficiency in vitamin K-dependent factors (II, VII, IX, X), extremely rare 

t 

t 

t 

Normal or f 

Liver disease; DIC; massive transfusion, afibrinogenemia or hypofibrinogenemia 
(inherited or acquired), dysfibrinogenemia (inherited or acquired) 

Normal 

Normal 

Normal 

Normal 

Inherited or acquired platelet function disorders, factor XIII deficiency, inherited or 
acquired disorders of the fibrinolytic system 


Notes : PT = prothrombin time, aPTT = activated partial thromboplastin time, TT = thrombin time, f = prolonged, J. = decreased. ° is not responsible 
for a bleeding phenotype, DIC = disseminated vascular coagulation. 


The coagulation cascade transduces a small initiating stimulus 
into a large fibrin clot. Therefore, action of the coagulation sys¬ 
tem has to be restrained by the continuous removal of fibrin via 
the fibrinolytic system and by natural coagulation inhibitors that 
suppress the generation of thrombin. One of these natural coagu¬ 
lation inhibitors is the tissue factor pathway inhibitor that inhibits 
the reactions involving tissue factor and factor Vila. Antithrom¬ 
bin, another natural coagulation inhibitor, inhibits most of the 
enzymes generated during activation of coagulation. Its physio¬ 
logical role is to limit the coagulation process to sites of vascular 
injury and to protect the circulation from liberated enzymes. The 
binding of thrombin to the endothelial cell receptor thrombomod¬ 
ulin induces a change in the enzyme that facilitates conversion by 
limited proteolysis of circulating protein C to activated protein C 
(APC). The protein C anticoagulant system provides important 
control of the coagulation cascade by degrading factors Va and 
Villa, which are required for the production of thrombin. Protein S 
is a cofactor of protein C in this reaction and acts therefore as a 
natural coagulation inhibitor. The binding of thrombin to throm¬ 
bomodulin also inhibits cleavage of fibrinogen and activation of 
platelets. Thus, the protein C-thrombomodulin pathway acts as a 
natural anticoagulant mechanism by suppressing excessive action 
of the coagulation system and also by directly inhibiting thrombin. 

Investigation strategies 
Bleeding disorders 

A history of bleeding is the most reliable predictor of bleeding risk. 
The personal and family history should be assessed in order to 
determine whether a bleeding disorder is present, the disorder is 
inherited or acquired, and whether the bleeding symptoms have 
been enhanced by an associated medical condition or induced by 
drugs or dietary supplements. For example, CH may be the result 
of excessive oral anticoagulation or complicated thrombolysis or 
antiplatelet drug therapy. 

It is important to elicit the type of bleeding and its loca¬ 
tion, frequency, and precipitating factors. Bleeding can consist 


of: epistaxis, petechiae, bruises, hematomas, excessive bleeding 
from minor wounds, oral cavity bleeding, gastrointestinal bleed¬ 
ing, menorrhagia, postpartum hemorrhage, muscle hematomas, 
hemarthrosis, and/or excessive bleeding after tooth extraction or 
surgery. The requirement of blood transfusion during a bleeding 
episode is a criterion of severity. A bleeding score may be used for 
von Willebrand disease investigation (Tosetto etal., 2006). 

Screening laboratory tests include PT, also expressed as the 
international normalized ratio (INR), aPTT, fibrinogen, the throm¬ 
bin time (TT), and a platelet count. PT assesses the extrinsic and 
common coagulation pathways, and the aPTT the intrinsic and 
common coagulation pathways (Figure 40.1). The INR was devel¬ 
oped to follow oral anticoagulation with vitamin K antagonists. TT 
reflects the action of thrombin on fibrinogen with the formation 
of fibrin. Logical use of screening tests will suggest possible diag¬ 
noses and indicate which specialized tests need to be performed 
(Table 40.1). 

Thrombophilia 

A laboratory evaluation for thrombophilia (Table 40.2) is required 
in the following circumstances: venous thrombosis before 40-50 
years of age; unprovoked thrombosis at any age; recurrent throm¬ 
bosis at any age; unusual sites such as cerebral, mesenteric, portal, 
or hepatic veins; a positive family history for thrombosis; throm¬ 
bosis during pregnancy; oral contraceptives; or hormone replace¬ 
ment therapy (HRT). However, when possible, a thrombophilia 
laboratory profile should be avoided during the acute phase of 
thrombosis. Investigations for protein C and protein S deficiency 
are not recommended when the patient is taking a vitamin K 
antagonist such as warfarin or acenocoumarol or has taken it 
within the last 4-6 weeks. This is because protein C and S are vita¬ 
min K-dependent proteins. Similarly, evaluation for antithrombin 
deficiency is to be avoided when the patient is being given unfrac¬ 
tionated or low-molecular-weight heparin therapy. Interpreta¬ 
tion of lupus anticoagulant assays is uncertain when the patient 
is taking an anticoagulant. Investigation strategies for the anti¬ 
phospholipid antibodies syndrome are presented in Chapter 12. 
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Table 40.2 Thrombophilia laboratory tests 




Avoid to perform tests in the following 

Risk factors 

First-line tests 

Second-line tests 

conditions or states 

Antithrombin 

Antithrombin activity (heparin cofactor 

Antithrombin antigen 

Unfractionated heparin or 

deficiency 

assay) 

assay (immunoassay) 

low-molecular-weight heparin 
administration, liver failure 

Protein C deficiency 

Protein C activity (clotting assay) 

Protein C: amidolytic and 

Vitamin K antagonists, vitamin K 



immunoassay 

deficiency, liver failure 

Protein S deficiency 

Free protein S antigen (immunoassay) 

Total protein S antigen 

Vitamin K antagonists, vitamin K 



and APC cofactor 

deficiency, liver failure, pregnancy, oral 



activity (clotting assay) 

contraceptives, hormone replacement 
therapy 

Factor V Leiden 

APC resistance (APTT-based assay) or 

Factor V Leiden 



factor V Leiden genotyping (PCR) 

genotyping (PCR) 


G20210 A mutation in 

Prothrombin genotyping (PCR) 



the prothrombin 




gene 




Lupus anticoagulant 

Choose two clot-based assays: i.e., PTT-LA, 


Anticoagulants: heparin affects the PTT-LA, 


dRWT, dPT tests. LA is present when at 


and vitamin K antagonists prolong the 


least one of two tests is positive. 


dRWT and the dPT tests; during the 12 
weeks following an acute thrombotic 




event 

Anticardiolipin 

Immunoassays for IgM and IgG isotypes 


Screen preferably 12 weeks after an acute 

antibodies 



thrombotic event 

Anti-(32-GPI 

Immunoassays for IgM and IgG isotypes 


Screen preferably 12 weeks after an acute 

antibodies 



thrombotic event 

Hyperhomocysteinemia 

Fasting homocysteinemia 




Notes: aPTT = activated partial thromboplastin time, PCR = polymerase chain reaction, LA = lupus anticoagulant, PTT-LA: a low phospholipid partial 
thromboplastin time (PTT) designed to detect an LA, dRWT = dilute Russell viper venom time, dPT = dilute prothrombin time, IgM = immunoglobulin 
M, IgG = immunoglobulin G. 


Antithrombin 

Antithrombin is a 58-kd serpin that inhibits procoagulant serine 
proteases such as thrombin, factor Xa, and factor IXa. Its activ¬ 
ity is amplified by heparin and heparin-like molecules that are 
presented on the surface of endothelial cells (Dahlback, 2000). 
Antithrombin deficiency may be inherited or acquired, and asso¬ 
ciated with an increased venous thromboembolism (VTE) risk. 
Antithrombin activity is measured by a heparin cofactor assay and 
antithrombin protein concentration by an immunoassay. 

fiomozygous antithrombin deficiency may cause death in utero 
or in the perinatal period. Two types of inherited antithrombin 
deficiency exist. Type I (quantitative) is characterized by a reduc¬ 
tion in both activity and antigen concentration, whereas type II 
(qualitative) deficiency is due to a reduction in activity associated 
with a normal antigen concentration. Patients with antithrombin 
<60% have a 10-fold increased risk of VTE. 

Protein C 

Protein C is a serine protease zymogen that belongs to the vitamin 
K-dependent protein family. It is converted by thrombin in the 
presence of thrombomodulin to an active serine protease. APC 


inactivates factors Va and Villa, thereby impeding further throm¬ 
bin generation. 

Functional assays measure enzymatic (amidolytic assay) or anti¬ 
coagulant (clotting assay) activity, and an immunoassay deter¬ 
mines protein concentration. Type I (quantitative) deficiency is 
characterized by a decreased activity in amidolytic and clotting 
assays and a decreased antigen concentration, whereas type II 
(qualitative) deficiency is due to a reduction in activity (in ami¬ 
dolytic and clotting assays) associated with a normal antigen con¬ 
centration. Homozygous protein C deficiency is responsible for a 
severe phenotype characterized by life-threatening thrombosis at 
birth and neonatal purpura fulminans comprising necrosis and 
gangrene. Heterozygous protein C deficiency is suggested by pro¬ 
tein C levels <70% and increases the risk ofVTE by four- to five-fold. 

Protein S 

Protein S is vitamin K-dependent and is the cofactor of APC. In 
plasma, protein S forms inactive complexes with the complement 
C4b-binding protein, and free protein S constitutes about 40% of 
the total plasma level. Only free protein S has APC cofactor activ¬ 
ity. Immunoassays are used to measure separately free and total 
protein S. Protein S activity is determined in plasma diluted with 
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protein S-depleted plasma by an aPTT-based assay (clotting assay) 
in the presence of APC and purified factor Va. Type I deficiency is 
characterized by low free and total protein S; type II deficiency 
by normal free protein S and low protein S activity; type III by low 
free protein S and normal total protein S. Clinical manifestations of 
protein S deficiency resemble those of protein C deficiency. Pro¬ 
tein S deficiency in men and in women >45 years is defined as 
<65% and <55% in women <45 years. It increases the risk of VTE 
by four- to five-fold. 

APC resistance and factor V Leiden 

APC leads to inactivation of factor Va by cleavage. Three APC cleav¬ 
age sites have been determined on factor V (Arg-306, Arg-506, and 
Arg-679). The factor VLeiden mutation consists in the replacement 
at nucleotide 1691 ofArg-506 by glutamine. Because ofthis muta¬ 
tion, the cleavage of factor Va by APC is impaired and, as factor Va 
is a cofactor to APC in the inactivation of factor Villa, the degra¬ 
dation of factor Villa is also reduced (Dahlback and Villoutreix, 
2005). 

The APC resistance assay is based on an aPTT measurement 
in the presence or absence of purified APC. Plasma dilution with 
factor V-deficient plasma augments the specificity for the factor 
V Leiden mutation and allows testing of patients taking vitamin K 
antagonists (Tripodi etal., 2003). The results are expressed as APC 
sensitivity: (aPTT + APC) / (aPTT - APC). A low APC sensitivity 
ratio defines APC resistance. 

Homozygous and heterozygous factor V Leiden mutations are 
detected by polymerase chain reaction (PCR) amplification of fac¬ 
tor V gene. This test is needed to confirm a positive APC resistance 
test. Heterozygosity for factor V Leiden confers a four- to five-fold 
increased VTE risk, and homozygosity a 30- to 140-fold risk. 

Prothrombin G20210A mutation 

Prothrombin is a vitamin K-dependent protein and is activated 
to thrombin by the prothrombinase complex (Dahlback, 2000). A 
mutation at nucleotide position 20210 (an adenine instead of a 
guanine) of the prothrombin gene leads to elevated plasma pro¬ 
thrombin levels, which increase the VTE risk by three- to four-fold 
(Ventura et al., 2004). The prothrombin mutation is detected by 
PCR amplification. 

Blood disorders causing bleeding in and around 
the brain 


Introduction 

Bleeding disorders are rare causes of spontaneous CH in adults. 
They increase the intracerebral bleeding risk in young and middle- 
aged individuals (Juvela and Kase, 2006). In the pediatric pop¬ 
ulation with inherited coagulation disorders, CH is an important 
cause of mortality in the case of head trauma, even minor (Dietrich 
etal., 1994). In thrombocytopenic children and especially in pre¬ 
mature infants, spontaneous and severe hemorrhage may occur at 
higher platelet counts than in thrombocytopenic adults. The risk 
of CH and particularly intraventricular hemorrhage is inversely 
proportional to neonatal gestational age (Manno, 2005). 


Bleeding disorders may be inherited or acquired. They include 
thrombocytopenia and platelet function disorders, coagulation 
factor deficiencies, excessive anticoagulation, and hemorrhagic 
complications after thrombolysis. Blood disorders associated with 
myeloproliferative diseases and disseminated intravascular coag¬ 
ulation (DIC) can cause both bleeding and thrombosis; they 
are covered in this chapter and in Chapter 39. Heparin-induced 
thrombocytopenia (HIT), the anti-phospholipid antibody syn¬ 
drome, and thrombotic thrombocytopenic purpura (TTP), con¬ 
ditions that cause thrombocytopenia but are more frequently 
responsible for thrombosis than for bleeding, will be discussed 
in this chapter as well as in Chapters 38 and 41. 

Inherited thrombocytopenia 

Inherited thrombocytopenia constitutes a small proportion of 
thrombocytopenias and is suspected after exclusion of the other 
causes of thrombocytopenia. Several points of triage are identi¬ 
fied in order to suspect this disorder: family history of throm¬ 
bocytopenia, lack of platelet response to autoimmune thrombo¬ 
cytopenia therapies, abnormal size of platelets on blood smear, 
disproportionate bleeding compared to the number of platelets, 
onset at birth, associated features like absent radii, and/or persis¬ 
tence of a stable level of thrombocytopenia for years (Cines et al., 
2004). CH may be associated. Management depends on the 
severity of thrombocytopenia and the anticipated natural history 
of the disorder. It includes platelet transfusion; other hemostatic 
supports like antifibrinolytic drugs; and allogeneic stem cell 
transplantation. 

Acquired thrombocytopenia in adults 

Acquired thrombocytopenia is the most common cause of throm¬ 
bocytopenia, but a rare cause of CH (Juvela and Kase, 2006). In 
the absence of a platelet function disorder, spontaneous bleeding 
may occur when the platelet count is <10-20 G/L. Thrombocy¬ 
topenia may result from decreased platelet production in cases of 
bone marrow infiltration by neoplastic cells, acute alcohol toxicity, 
vitamin B12 and folate deprivation, and infections. It also may be 
drug-induced. 

HIV infection often results in thrombocytopenia (Miguez- 
Burbano et al., 2005) and idiopathic thrombocytopenic purpura 
(ITP) occurs in about 40% of HIV-infected patients (Zandman- 
Goddard and Shoenfeld, 2002). HIV-related thrombocytopenia 
rarely causes CH, even when platelet counts are low (Shavit and 
Grenader, 2005). Autoimmune thrombocytopenia also develops in 
about 2.6% of hepatitis C patients (Giordano etal., 2005). Throm¬ 
bocytopenia is a common feature of sepsis (Levi, 2005). Its mech¬ 
anism is probably a combination of impaired platelet production 
and platelet consumption (Levi, 2005). 

ITP is an autoimmune disorder. Thrombocytopenia is caused 
by autoantibodies directed against platelet antigens that increase 
the clearance of circulating platelets and decrease platelet 
production by bone marrow megakaryocytes. Bleeding symp¬ 
toms including CH are uncommon except in severe ITP (platelets 
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<30 G/L) (The British Committee for Standards in Haematol¬ 
ogy, 2003). First-line therapy is usually given when platelet counts 
are <30 G/L and consists of glucocorticoid therapy 1 mg/kg/day 
and/or intravenous immunoglobulins (FVG) 2 g/kg for 3-5 days. 
Splenectomy is considered as second-line therapy and results in 
durable remission in two-thirds of patients. Recently, rituximab 
(recombinant anti-CD20 antibody) has been prescribed after fail¬ 
ure of glucocorticoids and before splenectomy. However, complete 
responses appear less frequent and less durable with rituximab 
than with splenectomy. 

Drug-induced thrombocytopenia is common and may be 
caused by marrow suppression and immune or non-immune 
thrombocytopenia (Aster, 2005a). In immune-mediated drug- 
induced thrombocytopenia, platelet counts recover promptly after 
drug interruption. Glucocorticoid therapy 1 mg/kg/day is admin¬ 
istered when platelets are <10 G/L and if bleeding is not severe. In 
cases of severe bleeding, the treatment combines platelet trans¬ 
fusion with IVG and high-dose glucocorticoids. Severe thrombo¬ 
cytopenia may be associated with quinine, quinidine, and sul¬ 
fonamide antibiotics. Patients often have petechial hemorrhages 
and urinary tract or gastrointestinal bleeding. However, CH is rare 
(Aster, 2005a; Freiman, 1990). 

GPIIb/IIIa inhibitors are antiplatelet agents that block the bind¬ 
ing of fibrinogen to activated GPIIb/IIIa (Aster, 2005b). Abciximab 
is sometimes used in the treatment of acute cerebral thromboem¬ 
bolic complications during neuroendovascular procedures (Velat 
et al. } 2006). Acute severe thrombocytopenia may occur within a 
few hours after the initiation of the drug but may also be delayed 
5-8 days after the administration (Aster, 2005b). In most instances, 
favorable evolution is observed. Bleeding complications are rare, 
but life-threatening bleeding including CH may occur (The CAP¬ 
TURE investigators, 1997; Vahdat etal, 2000). 

Acquired thrombocytopenia in neonates 

The frequency of thrombocytopenia in neonates is estimated to be 
l%-4%, and the major risk of severe thrombocytopenia is CH. Fetal 
thrombocytopenia may also lead to in utero death or porencephaly 
(Kaplan, 2001). 

Neonatal alloimmune thrombocytopenia (NAIT) is the most 
common cause of severe neonatal thrombocytopenia (Manno, 
2005; Williamson etal, 1998). It results from maternal alloimmu¬ 
nization against fetal platelet antigens derived from the father. It 
may affect the fetus as early as 20 weeks gestational age or the 
newborn, and the risk of worsening thrombocytopenia increases 
with each new pregnancy (Kaplan, 2001, 2005; Manno, 2005). In 
the case of severe thrombocytopenia in a fetus or neonate, CH 
may occur with subsequent neurological impairment or neonatal 
and intrauterine death. Neonatal CH occurs in about 10%-30% of 
patients (Kaplan, 2001; Manno, 2005). 

Diagnosis and management 

In the first pregnancy, in the case of severe fetal thrombocytope¬ 
nia, brain hemorrhage or hydrocephalus may be found during a 
screening prenatal ultrasound, or thrombocytopenia maybe diag¬ 
nosed at birth. In the case of known NAIT, the goal is (for future 


pregnancies) to anticipate recurrence, and fetal blood is taken at 
20 weeks gestation for platelet count and analysis of platelet fetal 
antigens. If the fetus is affected, IVG (1-2 g/kg) is administered 1- 
2 times per week to the mother, and a follow-up of fetal blood is 
performed. If IVG is not effective, glucocorticoids are prescribed to 
the mother. For delivery, fetal platelet value should be >50 G/L. If 
the count is lower, platelets should be given in utero before delivery. 
Newborns with thrombocytopenia <30 G/L should receive IVG or 
platelet transfusion (platelets from the mother or from a donor 
whose platelets lack the same antigen as those of the mother), 
when possible (Manno, 2005). 

Immune fetal or neonatal thrombocytopenia due to maternal 
ITP is severe in 8.9%-14.7%, and intracerebral bleeding occurs 
in up to 1.5% of infants. Maternal antibodies cross the pla¬ 
centa and induce fetal thrombocytopenia. The infant platelet 
count is not proportional to the mother's platelet count and is 
unpredictable. Fetal blood sampling by cordocentesis is not rec¬ 
ommended because of a mortality of l%-2%, at least as high 
as the risk of intracerebral bleeding (Kaplan, 2001; The British 
Committee for Standards in Haematology, 2003). IVG is rec¬ 
ommended (1 g/kg) in the case of bleeding or platelet count 
<20 G/L (The British Committee for Standards in Haematology, 
2003). 


Disorders of platelet function 

Disorders of platelet function may be inherited or acquired. Coag¬ 
ulation tests are normal, whereas bleeding time and platelet func¬ 
tion assay (PFA)-100 closure time are usually prolonged. Platelet 
aggregometry may help make a definite diagnosis. 

Inherited qualitative platelet disorders are rare diseases that 
comprise disorders of platelet adhesion, aggregation, and storage 
pool release. Bleeding symptoms are variable, and the most severe 
variants of qualitative platelet disorders may cause CH (Brown, 
2005). Initial diagnosis of qualitative platelet disorder is based on 
platelet aggregometry. 

Glanzmann’s thrombasthenia is a rare autosomal recessive dis¬ 
order. Whereas platelet count, size, and morphology are normal, 
there is an absence or a defect in GPIIb/IIIa, and platelets fail 
to aggregate. Diagnosis is usually made during childhood, espe¬ 
cially because of lifelong mucosal bleeding. Intracerebral bleed¬ 
ing may occur, particularly during the neonatal period (Brown, 
2005). Bleeding time and PFA-100 closure time are prolonged, and 
platelet aggregometry shows absent platelet aggregation with all 
platelet agonists except ristocetin and collagen. 

Bernard-Soulier syndrome is characterized by the absence of the 
GPIb/IX/V complex, which is the principal receptor for the VWF 
and is characterized by macrothrombocytopenia associated with 
disproportionate bleeding (Cines etal., 2004). 

Whereas inherited platelet disorders are rare, acquired platelet 
function disorders are common. Platelet function may be 
affected by drugs such as aspirin, non-aspirin nonsteroidal anti¬ 
inflammatory drugs (NSAIDs), and GPIIb/IIIa inhibitors and by 
systemic disorders like uremia, liver cirrhosis, and myeloprolifer¬ 
ative diseases. 
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Management 

In the case of bleeding, platelet transfusion may be required. 
Desmopressin (DDAVP) is a vasopressin analog that favors release 
of VWF from tissue stores (mainly endothelial cells) and may be 
used in acquired platelet disorders such as uremia. Recombinant 
factor Vila (rFVIIa) may be used in hemorrhagic complications 
of inherited or acquired platelet function disorders (Hassan and 
Kroll, 2005). 

Deficiencies of coagulation factors 

Inherited deficiencies of coagulation factors 

Hemophilia A and B are the most frequent inherited defi¬ 
ciencies of coagulation factors and together with von Wille- 
brand disease (VWD) represent more than 95% of all inher¬ 
ited deficiencies of coagulation factors (Mannucci et al., 

2004) . 

Hemophilia Hemophilia is caused by deficiency of factor VTII 
(hemophilia A) or factor IX (hemophilia B). The incidence of 
hemophilia A is 1/10000 and is five times more frequent than 
hemophilia B. The transmission is X-linked, and sporadic muta¬ 
tions occur in about 30% of cases without a familial context. 
The severity of hemophilia depends on factors VIII or IX levels: 
severe hemophilia, <1%, moderate hemophilia, l%-5%, and 
mild hemophilia, 5%-40%. Intracranial bleeding occurs in 2%- 
14% of hemophiliacs, mainly in severe hemophiliacs. Neona¬ 
tal hemorrhage may be the first manifestation of hemophilia, 
and its incidence is about 3% (Brown, 2005). Treatment con¬ 
sists of factor VIII or IX replacement therapy (recombinant prod¬ 
ucts are preferred to plasma concentrates) in case of bleeding or 
surgery. 

Development of an inhibitor, which is an antibody against 
the coagulant function of the replacement factor, occurs in 
up to one-third of patients with hemophilia A (Acharya and 
DiMichele, 2006). It is the most serious therapeutic complication 
and makes factor VIII or IX replacement therapy ineffective. 
During an acute bleeding event, based on the inhibitor titer, 
alternative treatment strategies include high-dose factor VIII 
or IX for low responders (to saturate existing antibody and 
provide excessive factor VIII or IX for hemostasis) and bypass¬ 
ing agents like activated prothrombin complex concentrate 
(FEIBA), rFVIIa, or plasmapheresis/immunoadsorption for high 
responders. Long-term inhibitor eradication may be achieved 
with immunotolerance and immunomodulation (Acharya 
and DiMichele, 2006; Brown, 2005; Gringeri and Mannucci, 

2005) . 

von Willebrand disease VWF is a GP that induces platelet adhe¬ 
sion to the subendothelium and platelet aggregation in the early 
phases of hemostasis (Sumner and Williams, 2004). VWD is 
the most common inherited bleeding disorder, and its severity 
depends on the degree of VWF defect. It is inherited in an autoso¬ 
mal dominant or recessive pattern. Type 1 identifies a partial mild 
to moderate VWF deficiency. Type 2 is characterized by qualitative 


defects, and type 3 by an absence of VWF (Federici, 2004; Sumner 
and Williams, 2004). 

The aPTT may be increased because of FVIII deficiency VWF 
antigen and activity (measured by the ristocetin cofactor assay) 
may be reduced. The bleeding time and PFA-100 closure time may 
be prolonged, and ristocetin-induced platelet aggregation may 
be abnormal. Bleeding is mainly mucocutaneous. Only a few 
instances of spontaneous intracranial bleeding secondary to VWD 
are described in the literature (Almaani and Awidi, 1986; Mohri, 
et al., 1997). Treatment in the case of CH is replacement with 
VWF-containing factor VIII concentrates (Sumner and Williams, 

2004) . 

Acquired coagulation factor deficiencies 

Isolated acquired coagulation factor deficiencies are very uncom¬ 
mon and are often the result of the development of autoantibodies 
against a coagulation factor, i.e. antibodies directed against factor 
VIII or IX in acquired hemophilia. 

Acquired hemophilia, a rare autoimmune disease caused by 
antibodies against factor VIII or FIX, often occurs in patients 
>65 years and is mainly idiopathic, but may also be secondary to 
neoplasm (lymphoproliferative diseases or solid tumors), autoim¬ 
mune disease, pregnancy, and intolerance to drug therapy. Severe 
bleeding episodes occur in 80%-90% of patients with a short¬ 
term high mortality rate (10%—25%) (Johansen et al., 2006; Kessler, 

2005) . CH has been reported (Ries et al., 1995). 

The key laboratory findings are a prolonged aPTT associated 
with a low factor VIII or IX activity and detectable inhibitor by the 
Bethesda assay. The first target of treatment is to control and pre¬ 
vent acute hemorrhagic complications bypassing agents such as 
FEIBA or rFVIIa. The second target is to eradicate the autoantibody 
by immunosuppressive therapy (Johansen et al., 2006; Kessler, 
2005). 

Acquired multifactorial deficiencies are common and may 
result from vitamin K deficiency, liver disease, or DIC (discussed 
in Chapter 39). Vitamin K deprivation impairs post-translation 
•y -carboxylation of vitamin K-dependent proteins: factor II, VII, 
IX, and X and protein C and S. It is frequent in neonates to whom 
vitamin K should be systematically provided to prevent bleed¬ 
ing. In adults, vitamin K deficiency is mainly from malabsorption 
and vitamin K metabolism impairment by vitamin K antagonists, 
antibiotics, or rodenticides. 

The hepatocyte synthesizes most coagulation factors (except 
factor VIII and VWF) and coagulation regulation proteins. The 
y -carboxylation process of vitamin K-dependent factors is 
impaired in moderate hepatic failure and particularly in the case 
of cholestasis (vitamin K malabsorption). In severe hepatic fail¬ 
ure, factor V is severely lowered, and hypofibrinogenemia and 
dysfibrinogenemia occur. Moreover, antithrombin, plasminogen, 
a-2-arui plasm in, and plasminogen activator inhibitor type I (PAI- 
1) synthesis is impaired. Hepatic tissue destruction favors fibrin 
deposition and tissue factor exposition that results in coagulation 
cascade activation. The impairment of the hepatic clearance of 
activated factors and t-PA, and reduced hepatic synthesis of PAI-1 
and a-2-antiplasmin, results in consumptive coagulopathy and 
hyperfibrinolysis. 
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Hemorrhagic complications of oral 
vitamin K antagonists 

The most serious complication associated with oral anticoagulant 
therapy is life-threatening intracranial bleeding and CH, in par¬ 
ticular (about 70% intracerebral and 30% subdural) (Steiner etal., 
2006). CH related to vitamin K antagonists accounts for 10%-12% 
of all intracerebral hemorrhage and is seven- to 10-fold more fre¬ 
quent than in patients who are not receiving vitamin K antagonists 
(Steiner et al., 2006). The estimated rate of CH related to vitamin 
K antagonists is about 2-9/100 000 population/year (Steiner etal., 
2006) with a mortality of 67% (Rosand etal., 2004). The use of vita¬ 
min K antagonists might unmask brain bleeding that would oth¬ 
erwise remain asymptomatic, especially in patients with hyper¬ 
tension and cerebrovascular disease (Hart etal., 2005). Moreover, 
patients with underlying primary cerebrovascular disease have a 
higher risk of vitamin K antagonist-related intracranial bleeding 
(Steiner etal., 2006). 

The hemorrhagic risk of vitamin K antagonists is increased 
by the simultaneous uptake of antiplatelet drugs and drugs that 
interfere with vitamin K antagonist metabolism like amiodarone, 
antibiotics, cimetidine, thyroid hormones, miconazole, phenylbu¬ 
tazone, quinidine, and simvastatin (Ansell etal., 2004). 

Recommendations for managing elevated 
INRs or bleeding in patients receiving 
vitamin K antagonists 

1. INR above therapeutic range without bleeding: INR <5: lower 
dose or omit next dose and then lower doses; INR between 5 
and 9:1-2 mg of vitamin K orally and omit next dose then lower 
doses; INR >9: 2-5 mg of vitamin K orally, omit next dose and 
then lower doses (Ansell etal., 2004) 

2. Management of vitamin K antagonist-related CH at any INR: 
rapid reversal of vitamin K antagonists by administration of 
prothrombin complex concentrates rather than fresh frozen 
plasma and administration of intravenous rather than oral vita¬ 
min K (Ansell etal., 2004; Baglin etal., 2006). 

Hemorrhagic complications of thrombolysis 

Thrombolysis is performed by intravenous or intra-arterial admin¬ 
istration of plasminogen activators like streptokinase, urokinase 
derivatives, or recombinant tissue plasminogen activator (rt-PA) 
in order to induce arterial recanalization (Gupta etal., 2006). 

CH is the most severe complication of intra-arterial and intra¬ 
venous thrombolysis for IS. Although less frequent, CH is also an 
important complication of intravenous thrombolysis in myocar¬ 
dial infarction patients (Trouillas and von Kummer, 2006). 

In the report of The National Institute of Neurological Disor¬ 
ders and Stroke (NINDS) controlled study, symptomatic CH is 
described as “any CT-documented hemorrhage that was tempo¬ 
rally related to deterioration in the patient’s clinical condition 
in the judgment of the clinical investigator”; only hemorrhage 
occurring within 36 hours from treatment onset are considered 
(The NINDS Study Group, 1995,1997; Trouillas and von Kummer, 


2006). Risk factors for development of symptomatic CH reported 
in the NINDS rt-PA study are severity at baseline and brain edema 
or mass effect by CT before treatment. Mortality associated with 
symptomatic CH is 10-fold higher in the rt-PA group than in the 
placebo group (17% vs. 21%) (The NINDS Study Group, 1995 and 
1997; Trouillas and von Kummer, 2006). 

Recommendations for the prevention 
of thrombolysis complications 

Low-molecular-weight heparin should be excluded during the 
24 hours after thrombolysis, and unfractionated heparin should 
be avoided immediately after thrombolysis. Hemostasis analysis 
should be done before and 2 hours after the start of thrombolysis, 
with blood count and assay of fibrinogen and fibrinogen/fibrin 
degradation factors (Trouillas and von Kummer, 2006). 

rFVIIa 

rFVIIa has been approved for the prevention and treatment of 
bleeding episodes or in the case of surgery in hemophiliacs with 
inhibitors and for treatment of bleeding episodes in patients with 
factor VII deficiency Glanzmann’s thrombasthenia. In addition, 
numerous case reports and studies have described its efficacy in 
massive bleeding, even in patients without prior coagulopathy. It 
is thought to enhance hemostasis at the site of injury by activating 
factor IX and X when complexed to tissue factor and even with¬ 
out the presence of tissue factor (platelet-dependent tissue factor- 
independent mechanism). Whereas only small amounts of FVII 
naturally circulate and have very weak enzymatic activity until it 
binds to tissue factor, administration of a large dose of rFVIIa leads 
to a huge increase in FVIIa level with faster and higher thrombin 
generation (Martinowitz and Michaelson, 2005; O’Connell et al., 
2006). 

Recommendations for the use of rFVIIa in uncontrolled hem¬ 
orrhage have been proposed by Martinowitz and Michaelson in 
2005. The administration of rFVIIa is recommended in any salvage¬ 
able patient with massive uncontrolled hemorrhage that fails to 
respond to appropriate surgical measures and blood component 
therapy. However, before its administration, the following condi¬ 
tions should be fulfilled: fibrinogen level > 0.5 g/L, platelet level > 
50 G/L, pH > 7.2 because of a decreased activity of rFVIIa <7.1, and 
correction of hypothermia and hypocalcemia. The only absolute 
contraindication is unsalvageable patients. Relative contraindica¬ 
tions include arterial and venous thromboembolic events within 
the previous 6 months (Martinowitz and Michaelson, 2005). 

Mayer and Rincon reported in 2006 on a randomized double¬ 
blind, placebo-controlled trial of 399 patients with CH treated 
with a single dose of rFVIIa or placebo within 4 hours of onset. 
They found a reduction in hematoma growth and mortality with 
rFVIIa. However, very recently, Mayer et al. (2008) showed that 
rFVIIa reduces growth of hematoma but does not improve survival 
and outcome. 

The localized activation of coagulation at the site of injury may 
explain the low rate of thromboembolic events (<0.05% of throm¬ 
boembolic events in more than 400 000 doses administered to 
patients with hemophilia) (Martinowitz and Michaelson, 2005). 
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O’Connell et al. (2006) reviewed serious thromboembolic 
adverse events following rFVIIa administration reported to the U.S. 
Food and Drug Administration (FDA) adverse event reporting sys¬ 
tem from 1999 to 2004. Among 99 arterial events (54%), 39 were IS. 
Among the 42 reports of deep vein thrombosis (23%), cases of reti¬ 
nal vein thrombosis are mentioned, but none of cerebral veins. The 
median time between the last dose of rFVIIa and the thromboem¬ 
bolic event was about 24 hours. However, in 2004, Aledort studied 
data from the MedWatch pharmacovigilance program of the FDA 
that included estimated numbers of infusions available from man¬ 
ufacturers from 1999 to 2002 and reported that CVST is the most 
common thrombotic event after rFVIIa administration. Recently, 
Duringer etal. (2008) found an increased risk of arterial thrombo¬ 
embolism associated with higher doses of rFVIIa in CH patients. 

Blood disorders causing cerebral thrombosis 
Introduction 

Arterial and venous thrombosis and their complications represent 
the major cause of morbidity and death in the industrialized coun¬ 
tries. The major factors involved in the pathology of thrombosis 
are injury to the vessel wall, alteration of blood flow, and changes 
in the composition of the blood. They constitute the triad of Vir¬ 
chow. Arterial thrombosis is mostly associated with atherosclerosis 
and causes myocardial infarction, IS, and limb gangrene. Thrombi 
form under conditions of high flow and consist of platelet aggre¬ 
gates held together by small amounts of fibrin. Venous thrombi 
consist mainly of fibrin and red blood cells and develop under low 
flow conditions in the deep veins. 

The term “thrombophilia” (Egeberg, 1965) was used initially to 
describe a tendency to venous thrombosis. This term now includes 
any disorder associated with an increased tendency to throm¬ 
bosis, either inherited or acquired. Studies on genetic throm¬ 
bophilia were mainly conducted in patients with venous thrombo¬ 
sis, whereas studies addressinghypercoagulable states and arterial 
stroke are scarce (Levine, 2005). 

Here we will develop the relationship between CVST and IS 
and inherited and acquired thrombophilia. Preventive approaches 
and treatment recommendations based upon guidelines and data 
reported in the literature will also be discussed. 

Cerebral venous thrombosis and thrombophilia 

Thrombosis of the cerebral veins and sinuses (CVST) most often 
occurs in young patients; 75% of the adult patients are women 
(Boncoraglio et al., 2004). The mortality rate ranges between 3% 
and 10% depending on the series and the period of observation 
(i.e. perihospitalization vs. follow-up period) (Dentali etal., 2006). 
An adverse outcome is favored by an age older than 37 years, the 
presence of focal deficits or altered consciousness at presentation, 
intracranial hemorrhage, the involvement of cortical veins, and 
cancer (Dentali et al., 2006). Patients with thrombophilic risk fac¬ 
tors also seem to have less favorable outcomes (Appenzeller etal., 
2005). A prothrombotic risk factor or another direct cause is iden¬ 
tified in about 70-85% of patients. There are various predisposing 
conditions to CVST: intracranial infections, trauma, hematological 


and autoimmune disorders, intracranial neoplasms, vascular mal¬ 
formations, pregnancy, puerperium, and oral contraception (Bon¬ 
coraglio et al., 2004; Lichy et al., 2006; Ventura et al., 2004). 
The recurrence rate is similar to lower extremity deep vein 
thrombosis. Inherited and acquired prothrombotic riskfactors will 
be discussed below. 

According to the Canadian Pediatric Ischemic Stroke Registry 
(CPISR), the incidence of CVST in the pediatric non-neonate pop¬ 
ulation is about 0.25/100 000 children per year, and only 3% of 
children have idiopathic CVST. Iron-deficiency anemia has been 
associated with CVST (Belman et al., 1990; Hartfield et al., 1997; 
Meena et al., 2000; Robetorye and Rodgers, 2001; Sebire et al., 
2005), sometimes in association with thrombocytosis. CVST may 
also occur in the context of (3-thalassemia, sickle cell disease, and 
other chronic anemia. Thrombophilic risk factors were found in 
30%-60%ofCVST (Belman etal., 1990; Hartfield ef al., 1997; Meena 
etal., 2000; Robetorye and Rodgers, 2001; Sebire etal., 2005). They 
include antithrombin, protein C, and protein S deficiencies; factor 

V Leiden; prothrombin gene mutation; and dysfibrinogenemia. 
Increased factor VIII and thrombomodulin mutation have also 
been reported. Acquired prothrombotic disorders are more fre¬ 
quent (and sometimes multiple in one child), but their role should 
still be explored. They include anti-phospholipid antibodies; lupus 
anticoagulant; APC resistance; acquired deficiencies of antithrom¬ 
bin, protein C, and protein S; and hyperhomocysteinemia (Chan 
etal., 2003). 

Cerebral venous thrombosis 
and inherited thrombophilia 

Deficiency in antithrombin, protein C, and protein S, has been 
associated with CVST (Dentali et al., 2006). Patients with factor 

V Leiden mutation have a nine-fold higher risk of CVST (Ventura 
et al., 2004). Environmental risk factors such as age, oral contra¬ 
ceptive use, pregnancy, postpartum, trauma, and surgery increase 
the risk of venous thrombosis in patients with factor V Leiden 
(Robetorye and Rodgers, 2001). Occasionally, APC resistance 
may occur in the absence of factor V Leiden mutation and may 
be related to a mutation in the 306 APC cleavage site (factor V 
Cambridge) (Dahlback, 2005). 

Prothrombin G20210A mutation is the most common inherited 
risk factor associated with CVST (Boncoraglio etal., 2004; Gadelha 
et al., 2005). The presence of this mutation increases the risk of 
CVST about 10-fold, particularly in oral contraceptive users (Albers 
etal., 2004; Ventura etal., 2004). 

Cerebral venous thrombosis 
and acquired thrombophilia 

Environmental causes of VTE (Rosendaal, 2005) are often bound 
to venous stasis, especially in the case of immobilization such 
as prolonged bed rest, plaster casts, or long-distance travel 
(>5 hours). Age is one of the most important risk factors for VTE 
with an incidence 1000-fold higher in the very old than in the very 
young individual. Multiple trauma is also associated with a high 
risk of VTE. In the absence of antithrombotic prophylaxis, VTE may 
occur in more than 50% of patients who undergo surgical interven¬ 
tions. Because of these facts, prophylactic anticoagulation is rou- 
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tinely prescribed. Mechanical causes as head trauma and cranial 
surgery may also lead to dural sinus damages and thereby to CVST. 

Pregnancy is associated with a two- to fourfold higher VTE risk, 
with an incidence about 0.9 per 1000 deliveries (The British Com¬ 
mittee for Standards in Haematology, 2001; Bauer, 2003). Dur¬ 
ing the second and third trimesters of pregnancy, hemodynamic 
changes leading to progressive venous stasis and increase in APC 
resistance normally occur and may contribute to an increase in 
VTE risk (Bauer, 2003; Ginsberg and Bates, 2003). VTE is the major 
cause of maternal mortality in the developed world (The British 
Committee for Standards in Haematology, 2001). 

VTE riskis higher among pregnant women with inherited throm¬ 
bophilia. Several studies suggest that antithrombin deficiency is 
a higher risk-factor for VTE among pregnant women than are the 
other factors such as protein C and protein S deficiencies (The 
British Committee for Standards in Haematology, 2001; Rosendaal, 
2005). The estimated incidence of VTE among pregnant women 
with factor V Leiden is about 1/400-500. Moreover, VTE risk is 
higher in women with a previous VTE event or a family history of 
VTE (Bauer, 2003). Data reported in the literature from large trials 
mention a VTE risk three- to fourfold higher in puerperium than 
in pregnancy, with a higher risk after caesarean section than after 
vaginal delivery (Bauer, 2003; Ginsberg and Bates, 2003). Other 
acquired risk factors that are present in two-thirds of pregnant 
or puerperal patients are age more than 35 years, high parity, 
intercurrent illness, and immobility (The British Committee for 
Standards in Haematology, 2001). 

Pregnancy and puerperium are associated with an increased 
risk of CVST. CVST still remains an important cause of maternal 
mortality and morbidity in developing countries (Masuhr et al., 

2004) . The U.S. National Hospital Discharge Survey done between 
1979 and 1991 has shown that ayounger age and cesarean delivery 
are risk factors that increase the risk of CVST during the peripartum 
period (Lanska and Kryscio, 2000). There is no additional risk factor 
in about 25-35% of cases. 

The association between malignancy and an increased inci¬ 
dence of VTE is called Trousseau syndrome. The pathogenesis 
of malignancy-related thrombosis is complex and multifactorial 
with multiple risk factors leading to a hypercoagulable state. 

Cancer patients often show activation of blood coagulation 
and reduction of fibrinolysis leading to thrombosis. Tumor cells 
directly increase the risk of thrombosis by the release of humoral 
factors with procoagulant or fibrinolytic activity. They also interact 
with host cells including endothelial cells, platelets, and mono¬ 
cytes and thereby promote the activation and release of procoag¬ 
ulant mediators (Lecumberri etal, 2005; Rosendaal, 2005). Large 
tumors may cause venous obstruction and mechanical throm¬ 
bosis (Blom et al., 2005; Rosendaal, 2005). The mobility of these 
patients is decreased, and antineoplastic therapy may have throm- 
bogenic potential. Anticancer agents associated with an increased 
risk of VTE are L-asparaginase, bevacizumab, bleomycin, carmus- 
tine, cisplatin, 5-fluorouracil, mitomycin C, tamoxifen, thalido¬ 
mide, and derivatives in association with chemotherapy or 
high-dose dexamethasone (Lee, 2006). Central venous catheters 
may also promote upper extremity thrombosis (Rosendaal, 

2005) . 


The presence of cancer increases the overall VTE risk about four¬ 
fold compared to that in individuals without cancer and the pres¬ 
ence of metastasis in solid tumors increases the risk of VTE about 
58-fold compared to that in individuals without cancer (Blom etal., 
2005; Rosendaal, 2005). Carriers of factor V Leiden or prothrombin 
G20210A mutation with cancer had a 12- to 17-fold higher risk of 
developing VTE than did individuals without cancer and without 
factor V Leiden and prothrombin mutation (Blom et al., 2005). 

Acquired deficiencies of natural 
coagulation inhibitors 

Several clinical situations, diseases, and drugs can induce acquired 
selective or associated deficiency of antithrombin, protein C, 
and protein S. By accelerated consumption, acute deficiency of 
anti thrombin, protein C, and protein S are found after an ischemic 
or a thromboembolic event, in the case of DIC or in surgery, shock, 
and sepsis (Fields and Levine, 2005). Chronic liver disease is asso¬ 
ciated with insufficient hepatic synthesis of antithrombin, with 
DIC, antithrombin consumption, and antithrombin loss in ascites. 
Gastrointestinal loss of antithrombin is favored in inflammatory 
bowel disease, and antithrombin deficiency may also be observed 
in renal disease with nephrotic syndrome (Muller, 1992). Free pro¬ 
tein S may also be lost in urine, leading to a reduction in circulating 
levels of free protein S (Siddiqi etal., 1997). 

Vitamin K antagonists induce a low level of protein C and protein 
S,andheparins induce alow level of anti thrombin. L-asparaginase, 
a drug administered in acute lymphoblastic leukemia treatment, 
inhibits protein synthesis including those involved in coagulation 
and fibrinolysis. Antithrombin, protein C, and protein S may be 
lowered favoring the occurrence of VTE (Lee etal., 2000). 

Most oral contraceptives consist of a daily dose of a combina¬ 
tion of estrogen and progestogen. Estrogens increase the level of 
procoagulant factors VTI, IX, and X and decrease antithrombin 
and protein S levels, leading to a mild prothrombotic state. Pro¬ 
gestagens do not affect the coagulation factor levels, but third- 
generation progestogens counteract less the effects of estrogens 
than do second-generation progestogens, leading to a prothrom¬ 
botic state (Rosendaal, 2005). 

Data reported in the literature reveal an association between 
oral contraceptives and CVST, particularly in patients with the 
prothrombin G20120A mutation (Albers et al., 2004; Gadelha 
etal., 2005; Ventura etal., 2004). Oral contraceptives are reported 
to increase the CVST risk by more than 13-fold (Boncoraglio etal., 
2004). 

Individual risk factors such as age, obesity, and prothrombotic 
abnormalities increase the risk of VTE when using oral contracep¬ 
tives (Rosendaal, 2005). Altogether, these data suggest that women 
with CVST should avoid oral contraceptives and that the use of 
these agents in women with thrombophilia should be evaluated 
individually to assess the risk of CVST. 

HRT contains either a combination of estrogen and progestin 
or, in women without a uterus, only estrogen. Although transder- 
mal administration avoids the first-pass effect through the liver, an 
increased VTE risk has until now not been excluded and is still con¬ 
troversial (Rosendaal, 2005). As for oral contraceptives, individual 
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risk factors such as age, obesity, and factor V Leiden increase 
the risk of VTE in women who take HRT. Moreover, the risk of 
recurrence in women with previous VTE is higher in women who 
use HRT (Rosendaal, 2005). 

Tamoxifen and raloxifene are selective estrogen receptor modu¬ 
lators. Tamoxifen is used for the treatment and prevention of breast 
cancer, and raloxifene is indicated for osteoporosis prevention and 
treatment. Both are associated with a two- to threefold increased 
risk of VTE, but the mechanism is not fully understood (Cosman 
et al., 2005). Most trials have shown that tamoxifen is associ¬ 
ated with decreased antithrombin, protein C, and protein S, but 
increased free protein S, factors VIII and IX, and VWF (Cosman 
etal., 2005). 

Preventive approach and prophylactic/therapeutic 
anticoagulation recommendations for CVST 

cvsi 

1. Anticoagulation is recommended even in the presence of hem¬ 
orrhagic infarction. In the acute phase, both unfractionated 
heparin andlow-molecular-weight heparin should be used, and 
oral vitamin K antagonist anticoagulation is then introduced 
for 3-6 months (target INR 2-3) (Albers etal., 2004; Sacco etal., 
2006). 

2. Women with CVST should avoid use of oral contraceptives 
(Dentali etal., 2006). 

CVSI and thrombophilia 

Patients with a first episode of CVST with antithrombin, protein C, 
and protein S deficiency; factor V Leiden or prothrombin G20210A 
gene mutation, or hyperhomocysteinemia (Buller etal., 2004): 

• Anticoagulation is recommended for 6-12 months (INR 2-3). 
Patients with a first episode of CVST who have antiphospholipid 
antibodies or who have two or more thrombophilic conditions: 

• Anticoagulation is recommended for 12 months (INR 2-3); long¬ 
term anticoagulation is suggested (INR 2-3). 

Patients with two or more CVST episodes: 

• Long-term anticoagulation is suggested (INR 2-3). 

Patients with CVST and malignancy: 

• Low-molecular-weight heparin for the first 3-6 months of long¬ 
term anticoagulation therapy. Long-term anticoagulation is 
recommended until cancer is resolved. 

Pregnancy and postpartum 

Single episode of CVST in a patient without long-term anticoagu¬ 
lants (Bates etal., 2004): 

• Prophylactic low-molecular-weight heparin/unfractionated 
heparin and postpartum anticoagulation is recommended. 

Single episode of VTE and inherited thrombophilia or strong 
family history of thrombosis in a patient without long-term 
anticoagulants: 

• Prophylactic dose of low-molecular-weight heparin/ 
unfractionated heparin and postpartum anticoagulation is 
recommended. 


Antithrombin deficiency, compound heterozygotes for prothrom¬ 
bin G20210Aand factor V Leiden, and homozygotes for these con¬ 
ditions with a history of CVST: 

• Low-molecular-weight heparin intermediate-dose prophylaxis 
or moderate-dose unfractionated heparin is recommended. 

Two or more episodes of CVST and long-term anticoagulation: 

• Adjusted-dose of low-molecular-weight heparin/unfractio¬ 
nated heparin and resumption of the long-term anticoagulation 
postpartum is suggested. 

Anti-phospholipid antibody syndrome and VTE with long-term 
anticoagulation: 

• Adjusted-dose low-molecular-weight heparin/unfractionated 
heparin therapy and resumption of long-term oral anticoagu¬ 
lation therapy postpartum is recommended. 

Arterial IS and thrombophilia 

Thrombophilia is responsible for about l%-4% of instances of IS 
and is more frequent in young adults (Fields and Levine, 2005; 
Hankey etal., 2001). 

Inherited causes of thrombophilia and stroke 

Inherited thrombophilia may play a role in childhood IS (Barnes 
andDeveber, 2005; Kenet etal., 2000; Sacco etal., 2006). Antithrom¬ 
bin, protein C, and protein S deficiencies; APC resistance; plasma 
homocysteine > 95th percentile; and the mutations factor V 
Leiden, prothrombin G20210A, and methylene-tetrahydrofolate 
reductase (MTHFR) C677T are more common in children with 
a first IS than in healthy children (Haywood et al., 2005). Throm¬ 
bophilia screening of children with a first arterial IS has been there¬ 
fore recommended. 

Associations between IS and factor V Leiden, MTHFR C677 T, 
and prothrombin mutation gene have been found in adults (Casas 
et al., 2004). However, whether factor V Leiden and prothrombin 
gene mutation are risk factors for IS in adults still remains contro¬ 
versial (Fields and Levine, 2005; Hankey et al., 2001; Lalouschek 
etal., 2005; Sacco etal., 2006). 

The American Heart Association and the American Stroke Asso¬ 
ciation (AHA and ASA) recommend for patients with IS or TIA, with 
an established inherited thrombophilia (Sacco etal., 2006): 

1. evaluation for deep venous thrombosis, which is an indication 
for short- or long-term therapy 

2. full evaluation for alternative mechanisms of stroke 

3. in the absence of VTE, long-term anticoagulation or antiplatelet 
therapy 

4. for patients with a history of recurrent thrombotic events, con¬ 
sideration of long-term anticoagulation 

Acquired causes of thrombophilia and stroke 

Several risk factors increase the risk of IS during the peripar- 
tum period: non-white women, cesarean section, and pregnancy- 
related hypertension. Several other comorbid conditions such 
as infection, cardiomyopathy and congestive heart failure also 
have been associated with IS during pregnancy and puerperium. 
(Lanska and Kryscio, 2000). 
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HRT is associated with a higher risk of VTE and is discussed in 
the acquired causes of thrombophilia and CVST section of this 
chapter. Data from the Women’s Estrogen for Stroke Trial (WEST) 
fail to show reduction in the risk of ischemic stroke recurrence 
or death with estradiol and, within the first 6 months of use, the 
risk of IS was even higher among women randomized to estradiol 
treatment (Sacco et al., 2006; Viscoli et al., 2001). The Women’s 
Health Initiative (WHI) study, which examined the role of HRT for 
the primary prevention of cardiovascular disease and IS in post¬ 
menopausal women, was stopped because of an increase of vas¬ 
cular events (Rossouwefa/., 2002; Sacco etal., 2006). An increased 
risk of IS also has been shown in women who take HRT and have 
had a previous hysterectomy (Anderson et al., 2004; Sacco et al., 
2006). 

According to the AHA and ASA, postmenopausal hormone ther¬ 
apy is not recommended for women with IS or TIA (Sacco et al., 
2006). 

Patent foramen ovale and thrombophilia 

Patent foramen ovale (PFO) is a persistence of an embryonic defect 
in the interatrial septum and is present in up to 27% of the general 
population (Sacco etal., 2006). PFO is the most prevalent potential 
source of cardioembolism in young adults with cryptogenic stroke 
and is responsible for about 40% of cryptogenic stroke (Hara etal., 
2005; Kizer and Devereux, 2005). Although there is only a weak 
association between thrombophilia and IS in adults, a potential 
paradoxical VTE in case of PFO should be considered (Sacco etal., 
2006). 

Pezzini et al. (2003) explored the possibility that PFO-related 
stroke patients may have an underlying hypercoagulable state and 
found an association between PFO-related stroke patients and the 
prothrombin G20210A mutation and to a lesser extent with factor V 
Leiden. 


Acquired or inherited thrombophilia associated with 
CVST and IS 

Anti-phospholipid antibody syndrome 

Anti-phospholipid antibody syndrome may be associated with 
both arterial and venous thrombotic events (see Chapter 12). 

HIT 

There are two types of HIT. HIT type I is a non-immune-mediated 
thrombocytopenia that occurs in 10-20% of patients with hep¬ 
arin and is associated with slight nonprogressive thrombocy¬ 
topenia (>100 G/L) without bleeding or thrombosis. The platelet 
count rises to pretreatment levels within a few days, even if hep¬ 
arin is not discontinued (Kuo and Kovacs, 2005; Menajovsky, 
2005). 

HIT type II, which is less frequent, consists of an immune- 
mediated HIT with HIT-associated IgG antibodies that may lead 
to arterial or venous thrombotic complications. (Menajovsky, 
2005). It may be subdivided into three subtypes (Kuo and Kovacs, 
2005): 


1. latent (HIT-associated IgG-positive but without thrombocy¬ 
topenia) 

2. HIT (with thrombocytopenia) 

3. HIT/T (with thrombocytopenia and thrombosis) 

Following heparin administration, platelet factor-4 (PF-4) found 
in the a-granules of the platelets, binds to heparin forming a 
PF-4-heparin complex leading to platelet activation and to the 
release of microparticles with procoagulant properties that initi¬ 
ate thrombin generation. HIT occurs in about 3%-5% of patients 
who are given unfractionated heparin for 5 days or longer and 
fewer than 1% of patients who are given low-molecular-weight 
heparin (Davoren and Aster, 2006). HIT diagnosis is first based 
on clinical presentation; serology and serotonin release assay are 
useful to corroborate the diagnosis and serology allows to mon¬ 
itor the presence of anti-PF-4 antibodies in patients who may 
need re-exposure like on-pump open heart surgery (Menajovsky, 
2005). The pretest probability can be calculated according to 
the 4Ts scoring system proposed by Warkentin and Greinacher 
(2004): 

1. thrombocytopenia: usually unexplained fall (>50%) of platelet 
count 

2. timing of onset of platelet fall: usually between 5 and 10 days or 
in the first day of exposure in the case of recent heparin exposure 
(past 30 days) 

3. thrombosis or other sequelae: proven new thrombosis, skin 
necrosis, or acute systemic reaction after intravenous unfrac¬ 
tionated heparin bolus 

4. others causes of platelet fall: none evident 

Venous events are four times more common than arterial events. 
Neurologic complications of HIT are rare and include IS, spinal 
ischemia, CVST, and transient global amnesia. HIT-related IS 
may also result from cardiac thrombi. Until now, the incidence 
of neurologic complications in patients with serologically con¬ 
firmed diagnosis of HIT has not been studied systematically 
(Pohl et al., 2000). Pohl et al. (2000), reported data from 120 
patients with HIT: 11 patients had IS and three had CVST. 
Hemorrhagic transformation has been found only in patients 
with CVST and IS (Warkentin and Bernstein, 2003), and pri¬ 
mary CH caused by HIT has not been observed. HIT associ¬ 
ated with neurologic complications has a poorer prognosis and 
a higher mortality rate than HIT without central nervous system 
involvement. 

In case of suspected HIT, heparin must be stopped. However, 
heparin interruption is not sufficient to reverse the process of HIT, 
and the incidence of HIT-related complications remains high after 
cessation of heparin. In order to reverse HIT effects and to reduce 
the risk of thrombotic events, lepirudin or argatroban are pre¬ 
scribed. Danaparoi'd may also be used, but in vitro cross-reactivity 
with HIT antibodies is reported in 10%-20% of patients (Mena¬ 
jovsky, 2005). Coumarin should be avoided during the acute event 
because of the preferential inhibition of the synthesis of protein C 
leading to acute skin necrosis and/or progression of VTE or limb 
gangrene. Vitamin K antagonists should be gradually initiated after 
the patient has been stabilized and the platelet count has recov¬ 
ered. Anticoagulation should be maintained for 30-60 days after 
the occurrence of HIT (Davoren and Aster, 2006). 
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Hyperhomocysteinemia 

Homocysteine is formed from methionine after several trans¬ 
methylation reactions, and then converted to cysteine in the 
trans-sulfuration pathway using vitamin B6. When methionine is 
needed, homocysteine undergoes two remethylations. The rem- 
ethylation of homocysteine is catalyzed either by betaine-homo- 
cysteine methyltransferase in the liver or by methionine 
synthetase whose cofactor is vitamin B12 and whose substrate is 
methyltetrahydrofolate in most others tissues. Methylene-tetra- 
hydrofolate reductase (MTHFR), which is dependent on vita¬ 
min B12, catalyzes the formation of methyltetrahydrofolate 
(Robetorye and Rodgers, 2001). Inhibition of homocysteine 
metabolism pathways may occur in the case of enzymatic defects 
or vitamin deficiencies, leading to elevated plasma homocysteine. 
Accumulation of homocysteine appears to damage the blood ves¬ 
sel wall (Fields and Levine, 2005). 

Hyperhomocysteinemia may be acquired in association with 
smoking, old age, renal failure, vitamin deficiencies (mainly folic 
acidandvitaminB12), hyperthyroidism, and/ordrugs (methotrex¬ 
ate, theophylline, phenytoin). It may also be inherited resulting 
from genetic disorders affecting the homocysteine metabolism 
pathway. (Boncoraglio et al., 2004; Fields and Levine, 2005). 
The most common genetic mutation is a C-to-T substitution at 
nucleotide 677 (C677T) of the MTHFR gene. Approximately 10%- 
13% of the Caucasian population are homozygous for this muta¬ 
tion (Cantu et al., 2004), but hyperhomocysteinemia is only rarely 
observed, indicating that the interaction between genetic and 
environmental factors is important for the development of hyper¬ 
homocysteinemia and that the hereditary metabolic disorder is 
mainly evident in individuals with poor nutritional status (Cantu 
et al., 2004). Cystathionine synthase plays a role in the trans- 
sulfuration pathway of homocysteine, and a genetic mutation of 
this enzyme may also be a risk factor for IS (Fields and Levine, 
2005). 

Hyperhomocysteinemia is a known risk factor for idiopathic 
CVST and IS, especially in young adults and in association with 
inherited thrombophilia-like procoagulant gene mutations (Bon¬ 
coraglio et al., 2004). Literature reports show a twofold greater risk 
of IS associated with hyperhomocysteinemia (Sacco et al., 2006). 
The Vitamin Intervention from Stroke Prevention Trial random¬ 
ized in a double-blind controlled trial 3680 patients with noncar- 
dioembolic IS and mild-to-moderate hyperhomocysteinemia to 
receive high-dose or low-dose vitamin therapy (folate, B6, or B12) 
from September 1996 to December 2003. The risk of IS was related 
to the level of homocysteine, but there was no reduction in IS rate 
among patients who took high-dose vitamin (Toole et al., 2004). 
Although there is no proven clinical benefit of high-dose vitamin 
therapy for mild to moderate hyperhomocysteinemia, the AHA 
and ASA encourage patients with IS or TIA, and hyperhomocys¬ 
teinemia (levels >10 p,mol/L) to take a daily standard multivitamin 
preparation, given their safety and low cost (Sacco et al, 2006). 

Several studies reported in the literature also suggest an 
increased risk of CVST in patients with hyperhomocysteinemia 
(Boncoraglio et al, 2004; Cantu ef al., 2004; Martinelli ef al., 2003). 
Cantu et al. (2004) suggest that hyperhomocysteinemia and low 


plasma folate levels are associated with an increased risk of CVST. 
However, the high incidence of increased risk of CVST in patients 
with low plasma folate levels may be explained by the low socioeco¬ 
nomic conditions and the deficient nutritional status of the pop¬ 
ulation (Cantu et al., 2004). Martinelli et al. (2003) showed that 
hyperhomocysteinemia increases the risk of CVST about fourfold. 
Whether the correction of hyperhomocysteinemia with vitamin 
therapy will help reduce the risk of recurrent CVST (up to 20% in 
this study) should be further investigated. 

TTP 

TTP is characterized by a Coombs-negative hemolytic ane¬ 
mia, thrombocytopenia, petechial hemorrhages, fever, and/or 
renal and neurological complications. Its underlying pathologi¬ 
cal mechanism, manifestations, and treatment are discussed in 
Chapter 41. 

Sickle cell anemia 

Sickle cell anemia (SCA) is an inherited autosomal disorder result¬ 
ing from a glutamine-to-valine substitution at codon 6 of the 
p-globin gene leading to the formation of an abnormal 
hemoglobin S (HbS) molecule. When HbS is deoxygenated, its 
interaction with another hemoglobin molecule leads to polymer¬ 
ization of HbS and thereby to a decrease in the red cell deforma- 
bility (“sickle” shape) favoring vaso-occlusive phenomena (Adams 
etal., 2003; Bunn, 1997). Moreover, HbS is associated with changes 
in red cell membrane structure and function, dysregulation of red 
cell volume, and increased adhesion of red cells to endothelial 
cells, also leading to vaso-occlusive phenomena (Bunn, 1997). SCA 
is also associated with chronic hemolysis, resulting in a mild-to- 
moderate anemia. 

SCA and IS in adults 

IS is a common complication of sickle cell disease, and its risk is 
higher with homozygous SSandless pronounced withhemoglobin 
SC, whereas sickle cell trait hemoglobin AS has little or no elevation 
of IS rate (Sacco et al., 2006). Although sickle cell disease is con¬ 
sidered to be a hypercoagulable state, there is no experience with 
antiplatelet, anticoagulation, or anti-inflammatory agents for IS 
prevention. Risk factor identification and reduction can be recom¬ 
mended on the basis of its importance in the general population 
(Sacco etal., 2006). 

The AHA and ASA recommend for adults with SCA, IS, and/or 
TIA (in addition to general TIA and IS recommendations): 

1. regular blood transfusion to reduce HbS to <30%-50% of total 
hemoglobin 

2. hydroxyurea 

3. bypass surgery in cases of advanced occlusive disease 

SCA and IS in children 

Ischemic brain injury (particularly silent brain infarcts) is one of 
the most common complications of SCA in children, and cognitive 
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disability is a major consequence of microvascular ischemia with¬ 
out clinical IS (Buchanan et al., 2004; Powars, 2000). Twenty-two 
percent of children with SCA have silent ischemic lesions on brain 
MRI scans (Buchanan et al., 2004; Golomb, 2005), and repeated 
clinical ISs occur in two-thirds of untreated children (Powars, 
2000). The Cooperative Study of Sickle Cell Disease reported that 
children with SS SCA who have silent brain infarcts identified at 
the age of 6 years have a 14-fold increased incidence of subsequent 
new overt IS (Buchanan etal., 2004; Miller etal., 2001). 

Clinical risk factors to predict silent brain infarcts have not yet 
been established. However, low pain event rate, history of seizures, 
leukocyte count >11.8 G/L and the SEN globin gene haplotype 
have been associated with an increased incidence of silent brain 
infarcts, but their predictive value is unreliable (Buchanan et al., 
2004). 

Significant risk-factors for overt IS are elevated transcranial 
Doppler (TCD) measurement and the presence of a silent brain 
infarct on MRI (Buchanan et al., 2004). The Stroke Prevention 
Trial in Sickle Cell Anemia (STOP) showed that blood transfu¬ 
sion therapy in patients with increased TCD velocities of the mid¬ 
dle cerebral artery or terminal portion of the internal carotid 
artery could prevent the development of ISs (Adams et al., 1998; 
Buchanan et al., 2004). The aim of the blood transfusion is to 
increase total hemoglobin A leading to an improvement of oxygen¬ 
carrying capacity and a reduction of cells containing HbS by dilu¬ 
tion as well as of the erythropoietic drive in order to maintain an 
HbS level < 30%. Blood transfusion therapy is recommended as 
the most important intervention for primary stroke prevention 
(reducing the onset of stroke in patients with elevated TCD) and 
secondary stroke prevention in children with sickle cell disease. 
Until now, there has been no evidence that hydroxyurea is effec¬ 
tive for patients with silent brain infarcts (Buchanan etal., 2004). 

Aspirin resistance 

Antiplatelet therapy (particularly aspirin) reduces by approxi¬ 
mately 25% the risk of nonfatal myocardial infarction, nonfatal IS, 
or vascular death in high-risk patients (Patrono, 2003; Szczeklik 
etal., 2005). In those patients, European andAmerican guidelines 
recommend aspirin 75-100 mg/day (Szczeklik etal., 2005). “Aspirin 
resistance” means the inability of aspirin to protect against throm¬ 
botic complications and to reduce platelet function. However, lab¬ 
oratory tests of platelet function are not specific and sensitive 
enough and are not reproducible enough to quantitatively reflect 
platelet responsiveness to aspirin. The measurement of whole 
blood TXA 2 formation and of its metabolite urinary excretion 
might be the best way to investigate aspirin resistance, because 
aspirin inhibits more than 95% of the platelet TXA 2 production 
(Schror etal., 2006; Szczeklik etal., 2005). 

The frequency of aspirin resistance is not known, and data from 
the literature differ substantially in the different groups of patients 
studied (Szczeklik etal., 2005). Among patients with recurrent IS, 
34% were aspirin nonresponders (Grundmann etal., 2003). 

A classification of aspirin resistance has been proposed by Weber 
etal. (2002): 


1. Type I: failure of aspirin to work in vivo but normal inhibition 
in vitro of platelet aggregation and thromboxane formation: 
missing compliance. Interference with certain NSAID (ibupro- 
fen, indomethacin) may also be possible. 

2. Type II: true resistance due to insufficient platelet response. 
Inhibition of TXA 2 formation by aspirin might be incomplete at 
the dose of 100 mg/day in vivo. Therefore, higher doses of aspirin 
(i.e. 300 mg/day) may be more effective in these patients. 

3. Type III: stimulation of platelets by aspirin-insensitive factors 
or increased platelet sensitivity to platelet agonists like collagen 
or VWF, or gene polymorphism that may affect platelet function 
independently from aspirin 

Mixed pathologies 

In this section, blood disorders associated with both bleeding and 
thrombosis tendencies are discussed (for DIC, see Chapter 39). 

Paroxysmal nocturnal hemoglobinuria 

Paroxysmal nocturnal hemoglobinuria is a rare acquired clonal 
disorder of hematopoiesis resulting from a mutation of the PIG-A 
gene and leading to red cells, platelets, and neutrophils deficient 
in all surface proteins (including CD55 and CD59 on the surface 
of red cells, neutrophils, and CD14, CD16, CD24, CD48, CD52, 
and CD66 on the surface of neutrophils only) attached to the cell 
membrane by a glycosylphosphatidylinositol anchor. The absence 
of these proteins on the red cell membranes leads to an enhanced 
sensitivity to complement-mediated hemolysis (Audebert et al., 
2005; Bagby et al., 2004; Hall et al., 2003; Hillmen et al., 1995). 
Paroxysmal nocturnal hemoglobinuria is diagnosed by showing 
by flow cytometry the absence of these proteins on the surface of 
red cells and neutrophils. 

The clinical triad of paroxysmal nocturnal hemoglobinuria is 
characterized by chronic intravascular hemolysis punctuated by 
paroxysms with an increase in the intensity of hemolysis and 
hemoglobinuria, venous thrombosis, and aplastic anemia (Rosse 
et al., 2004). Myelodysplastic syndrome and acute leukemia may 
complicate paroxysmal nocturnal hemoglobinuria (Socie et al., 
1996). 

Venous thrombosis is the most common cause of death in 
patients with paroxysmal nocturnal hemoglobinuria and espe¬ 
cially involves hepatic and cerebral veins (Hall etal., 2003). Large 
paroxysmal nocturnal hemoglobinuria granulocyte clones (>50%) 
are predictive of VTE. Indeed, the 10-year risk of VTE was 44% in 
patients with large paroxysmal nocturnal hemoglobinuria clones 
and 5.8% in those with small clones (Hall etal., 2003). 

Hall et al. (2003) showed in patients with large granulocyte 
clones and platelet count stable or higher than 100 G/L that pri¬ 
mary prophylaxis with warfarin (INR 2-3) prevents VTE. Cerebral 
arterial thrombosis is rare, but isolated life-threatening cases have 
been reported. (al-Samman etal., 1994; Audebert etal., 2005; von 
Stuckrad-Barre etal., 2003). 

Thrombocytopenia is a common feature of paroxysmal noc¬ 
turnal hemoglobinuria, and nearly 50% of paroxysmal nocturnal 
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hemoglobinuria patients have platelet counts < 50 G/L. Therefore, 
serious hemorrhagic events may occur, and paroxysmal nocturnal 
hemoglobinuria patients with cerebral hemorrhage are reported 
(Boschetti etal., 2004). 

Management 

The only way to eradicate paroxysmal nocturnal hemoglobin¬ 
uria clones is allogeneic stem cell transplantation (Bagby et al., 
2004; Boschetti et al., 2004; Socie et al., 1996). Aplastic anemia 
may respond to immunosuppressive therapy with antilymphocyte 
globulin and/or cyclosporine. In patients with life-threatening 
thrombosis, reduced-intensity conditioning allogeneic stem cell 
transplantation may be considered. Primary antithrombotic pro¬ 
phylaxis should be introduced in selected patients (Rosse et al., 
2004). 

Chronic myeloproliferative disorders 

Myeloproliferative disorders are clonal disorders that include 
chronic myeloid leukemia, polycythemia vera, essential throm- 
bocytemia, myelofibrosis with myeloid metaplasia, and also, 
recently, chronic neutrophilic leukemia, chronic eosinophilic 
leukemia, chronic basophilic leukemia, and systemic mastocyto¬ 
sis (Tefferi, 2006). 

Polycythemia vera is characterized by an increased sensitivity 
of erythroid precursors to erythropoietin and a predominant ery- 
throid hyperplasia. Essential thrombocythemia is associated with 
an increased sensitivity of megakaryocytes to thrombopoietin and 
to predominant megakaryocytic hyperplasia (Schafer, 2006). 

Polycythemia vera is related in most patients to the recently 
described JAK2-V617F tyrosine kinase mutations, but only one- 
half of patients with essential thrombocythemia have these muta¬ 
tions (Campbell and Green, 2005; Campbell etal., 2005). The main 
cause of morbidity and mortality in polycythemia vera and essen¬ 
tial thrombocythemia is thrombosis. Bleeding complications may 
also occur but are less common (Campbell and Green, 2005; 
Petrides and Siegel, 2006). 

Thrombotic events may occur in 4.1%-9.8% of patients with 
polycythemia vera with an annual incidence of 2%-9%. There is 
a lower annual incidence in patients younger than 40 years and a 
higher frequency in patients older than 70 years. The most impor¬ 
tant risk factor is the type of therapy, with a higher incidence of 
thrombosis among patients with phlebotomy than among those 
treated with hydroxyurea. Moreover, the incidence of thrombosis 
increases during the 2-3 years before diagnosis of polycythemia 
vera (Leone etal., 2001). 

The prevalence of thrombotic events in patients with essential 
thrombocythemia is variable in the literature (15%—89%) with an 
annual incidence of 5%. Thrombosis is more frequent in patients 
older than 60 years, particularly in those with previous throm¬ 
botic events (Campbell and Green, 2005; Harrison, 2005; Leone 
et al., 2001). Although thrombotic risk is not proportional to 
platelet count, clinical practice indicates that the incidence of 
thrombotic events is reduced when platelet counts are lowered 
(Petrides and Siegel, 2006). An increased risk of thrombosis has 
been observed with platelet counts >1000 G/L at diagnosis or 


above the normal range during treatment. The aim of treatment 
is to maintain the platelet count <600 G/L (Campbell and Green, 
2005; Leone etal., 2001). 

Thrombotic events in essential thrombocythemia and poly¬ 
cythemia vera are mainly arterial (50%-70%), and more than 80% 
of fatal thrombosis in polycythemia vera are arterial (Leone etal., 
2001). Arterial thrombotic events in polycythemia vera and essen¬ 
tial thrombocythemia occur mainly in large arteries, especially in 
the cerebrovascular and cardiovascular systems and in the periph¬ 
eral arterial circulation. Microvascular thrombosis is more com¬ 
mon in essential thrombocythemia than in polycythemia vera. 
Microvascular occlusion may lead to transient neurologic and 
visual symptoms and signs (Schafer, 2006). 

Polycythemia vera is accompanied by a high risk of IS and TLA, 
with an incidence of about 4-5/year (Koennecke and Bernarding, 
2001 ). 

Venous thrombotic events in polycythemia vera and essential 
thrombocythemia constitute 30%-40% of all thrombotic events 
associated with these disorders. Cerebral veins are frequently 
involved (Leone et al., 2001), and cerebral sinus thrombosis 
has rarely been reported in association with essential thrombo¬ 
cythemia (Arai and Sugiura, 2004). Venous thrombi contain fibrin, 
erythrocytes, and few platelets (Petrides and Siegel, 2006), and the 
mechanism of thrombosis includes elevated hematocrit leading 
to increased whole-blood viscosity and decreased cerebral blood 
flow. 

Treatment 

Cytoreduction with hydroxyurea reduces the incidence of throm¬ 
bosis in essential thrombocythemia, and aspirin reduces the inci¬ 
dence of thrombotic events in polycythemia vera. 

Bleeding complications may occur in the case of extreme throm¬ 
bocytosis (>1500 G/L), and the risk of bleeding is increased 
by antiplatelet drugs. The mechanism of bleeding is character¬ 
ized by qualitative platelet abnormalities and especially acquired 
von Willebrand disease in patients with thrombocytosis (Schafer, 
2006). Cerebral bleeding has also been reported in association with 
polycythemia vera (Friess etal., 2003). 
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THROMBOTIC THROMBOCYTOPENIC PURPURA 

Jorge Moncayo-Gaete 


Introduction 

Eighty years ago, Eli Moschkowitz first described thrombotic 
thrombocytopenic purpura (TTP) in a teenage girl who acutely 
developed fever, severe hemolytic anemia, thrombocytopenia, 
albuminuria, left-sided paralysis, and cardiac failure. She became 
comatose and died 2 weeks after onset of symptoms. The post¬ 
mortem examination revealed widespread hyaline thrombi in the 
terminal arterioles of most organs, especially in those of the heart 
and kidneys (Moschkowitz, 1924). Singer etal. (1947) introduced 
the term “thrombotic thrombocytopenic purpura” to highlight the 
condition’s principal histological lesion. 

Since the initial description of this uncommon multisystem 
disorder, its pathogenesis has remained elusive. In the last 
two decades, however, important refinements in elucidating the 
pathophysiological basis of TTP have emerged. Considerable evi¬ 
dence now implicates the metabolic pathway of von Willebrand 
factor (vWF), particularly of its cleaving protease, as the key com¬ 
ponent in TTP pathogenesis. 

Epidemiology 

Historically, TTP has been considered an uncommon disorder. In 
fact, in a U.S. mortality data study conducted over a period of 
30 years, the estimated annual incidence was 1.027 cases per 
million inhabitants (Petitt, 1980). 

Several clinical variants of TTP, such as the hereditary form, 
however, may have been largely underestimated or misdiagnosed. 
In the last few years, the annual incidence of TTP has risen, with 
current estimates ranging from 3.8 to 6.5 cases per million (Miller 
etal., 2004; Terrel et al., 2005; Torok etal., 1995). The reasons for 
this apparent increase are uncertain, but may be related - at least 
in part - to an increasing awareness of the disease, less stringent 
diagnostic criteria, an increase in drug-induced and HIV-related 
events, or a true increase in incidence of idiopathic cases. Addi¬ 
tionally, annual TTP incidence associated with severe AD AMTS-13 
(von Willebrand cleaving protease) deficiency has recently been 
estimated to be 1.7 cases per million (Terrel etal., 2005). 

TTP affects females more often than males, with a sex ratio of 
3:1, and, based on the results of several recent studies, it may pre¬ 
dominate in people of Afro-Caribbean origin (Coppo etal., 2004; 
Peyvandi et al., 2004; Sadler et al., 2004; Terrel et al., 2005; Zheng 
et al., 2004). It has been reported in all age groups, although 
onset usually occurs between the ages of 20 and 40 years (Gurkan 
et al., 2005; Kennedy et al., 1980; MacWhinney et al., 1962; 


Peyvandi etal., 2004; Piastraefa/., 2001; Sadler etal., 2004). Half of 
patients with familial TTP (Schulman-Upshaw syndrome) experi¬ 
ence their first episode during childhood - some even very soon 
after birth-whereas the remainder are afflicted in adulthood, often 
as the result of infection, pregnancy, or some other triggering factor 
(Lammle etal., 2005). 

Pathophysiology 

In the early 1980s, several lines of solid evidence found vWF to 
play a crucial role in TTP pathogenesis. First, extremely large vWF 
mul timers were observed in plasma of patients with relapsing TTP. 
Later on, thrombi in the terminal arterioles and capillaries of distal 
organs involved in TTP were found to be composed mainly of vWF 
and degranulated platelets and nearly no fibrin (Asada etal., 1985; 
Moake etal., 1982). 

Under physiological conditions, endothelial cells and 
megakaryocytes synthesize and secrete vWF multimers (approx¬ 
imately 20 000 kd in size). Under conditions of extreme shear 
stress, vWF mediates the initial adhesive link between platelets 
and the subendothelium of the damaged vessel walls (Kroll etal., 
1996; Ruggeri et al., 1999). Immediately after its release in the 
circulation as highly adhesive, ultralarge multimers, vWF under¬ 
goes cleavage into two inactive fragments of 176 and 140 kd by a 
metal-containing proteolytic enzyme - metalloprotease (Sadler, 
1998; Tsai, 2002). This metalloprotease cleaves the peptide bond 
between tyrosine at position 842 and methionine at position 843 
within the central A2 domain of the mature vWF (Tsai, 1996). 
This protease was identified as the 13th member of the AD AMTS 
family of metalloproteases (ADAMTS-13 - a disentegrin and 
metalloprotease with thrombospondin type 1 motif) (Fujikawa 
et al., 2001; Zheng et al., 2001). Recently, ADAMTS-13 has been 
found to be deficient in the plasma of patients with acute TTP 
and those with chronic relapsing TTP (Furlan et al., 1997, 1998; 
Tsai and Lian, 1998). Thus, in TTP there is a failure of proteolysis 
of hyperadhesive and ultralarge vWF multimers, which then 
induces the adhesion and subsequent aggregation of platelets 
under high-flow, high-shear conditions that lead to platelet 
clumping with ensuing microvascular thrombosis in arterioles 
and capillaries, but not in venules (Kwaan, 1987; Moake, 2002; 
Tsai, 2002, 2003). 

The underlying pathological mechanism of TTP is the pres¬ 
ence of microvascular thrombi that partially occlude the vascular 
lumins with overlying proliferative endothelial cells. Widespread 
thrombi in microvessels results in ischemia that may involve any 
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fable 41.1 Characteristics of secondary TTP 


Onset 

Variable (very early or delayed, it 
depends on associated disorder) 

Renal dysfunction 

Variable (mild to renal failure) 

CNS dysfunction 

Prominent with ticlopidine 

Pyrexia 

Uncommon 

Acute respiratory distress 

Occasional 

syndrome 

Peripheral digit ischemic 

Occasional 

syndrome 

Thrombocytopenia 

Present 

Hemolysis 

Present 

Schistocytosis 

Mild 

Prognosis 

Variable (poor to high survival 

rates) 

Relapse 

Uncommon 


CNS = central nervous system. 


organ, though it is most common in the brain, kidneys, pancreas, 
spleen, heart, and adrenal glands (Muller etal., 2001). 

Two types of TTP have been recognized: the autoimmune type 
caused by antibodies that inhibit ADAMTS-13 protease and the 
hereditary form caused by genetic mutations of ADAMTS-13. Most 
TTP cases in adults occur without a clear underlying cause or 
disease and are associated with either severe (<5% of activity in 
normal plasma) or moderate deficiency of vWF cleaving-protease 
activity, often due to the presence of ADAMTS-13-neutralizing 
immunoglobulinIgGor IgM antibodies (Furlan etal., 1998; Rieger 
et al., 2005; Tsai and Lian, 1998). Infectious agents, inflamma¬ 
tion, drugs, or genetic factors may trigger or influence the pro¬ 
duction of these autoantibodies (Studt et al., 2004). Secondary 
TTP may occur in association with drugs, pregnancy, organ 
transplantation, infections, autoimmune diseases, and cancer 
(Table 41.1). 

The hereditary form of TTP (also called the Schulman-Upshaw 
syndrome) is extremely unusual. It is characterized by a consti¬ 
tutional ADAMTS-13 deficiency because of homozygous or com¬ 
pound heterozygous mutations of the ADAMTS-13 gene located at 
chromosome 9q34 (Assink etal., 2003; Kokame and Miyata, 2004; 
Levy et al., 2001; Tsai, 2003; Veyradier et al., 2004). To date, more 
than 70 mutations of the ADAMTS-13 gene have been reported. 
The inheritance pattern is usually autosomal recessive. However, 
a complete deficiency of ADAMTS-13 is not sufficient to cause the 
clinical TTP syndrome, because patients with congenitally absent 
ADAMTS-13 activity may not have clinical symptoms until their 
40s, suggesting that other cofactors may be needed to trigger onset 
(Furlan and Lammle, 2001). 

Clinical findings 

TTP can manifest as one of the following three types: single 
episode with complete recovery and no recurrence; intermittent 
with infrequent relapses and normal hematology between attacks; 


Table 41.2 Main clinical and hematological findings in TTP 

Clinical findings 

Prevalence % 

(range) 

Thrombocytopenia 

95-100 

Microangiopathic hemolytic anemia 

96-100 

Neurological symptoms 

72-92 

Headache 

39-60 

Confusion 

20-35 

Focal deficits 

22-30 

Seizure 

9 

Renal impairment 

10-70 

Acute renal failure 

5 

Nausea, vomiting, diarrhea, abdominal pain 

40-50 

Generalized malaise 

20 

Fever 

24-59 

Hemorrhagic cutaneous lesions 

20-30 


and chronic relapsing with persistent abnormalities (Moake and 
McPherson, 1989). The chronic and intermittent forms predomi¬ 
nate in childhood (Piastra etal., 2001). 

Classically, TTP has been recognized by the pentad of microan¬ 
giopathic hemolytic anemia, thrombocytopenia, neurological 
symptoms, fever, and renal involvement, though only 20%-40% of 
patients will manifest the classic pentad (Amorosi and Ultmann, 
1966; Gurkan etal., 2005; Meloni etal., 2001). The usual presenta¬ 
tion of TTP is quite diverse, making the initial diagnosis particu¬ 
larly difficult (Table 41.2). A triad consisting of microangiopathic 
hemolytic anemia, thrombocytopenia, and neurological symp¬ 
toms is often seen in the early stages of the condition and currently 
constitutes the essential criteria for timely TTP diagnosis (Amorosi 
and Ultmann, 1966; Bukowski etal., 1977; Ridolfi and Bell, 1981). 
Oligosymptomatic forms of presentation may also occur (Gurkan 
etal., 2005). 

Neurological involvement is a cornerstone of TTP diagnosis. 
Though one-third of all patients do not show neurological symp¬ 
toms at onset, nearly all have neurological impairment during the 
course of the disease (Meloni et al., 2001; Petz 1977; Peyvandi 
et al., 2004; Ruggenenti and Remuzzi, 1996; Sadler et al., 2004). 
Neurological involvement may be noticeable as a broad spectrum 
of generalized or focal neurological symptoms and signs, includ¬ 
ing headache, dizziness, abnormal behavior, and decreased level 
of consciousness, up to and including coma (Castella etal., 2004; 
Gurkan et al., 2005; Kelly et al., 1999; Park et al., 2005; Peyvandi 
etal., 2004; Soltes etal., 2004; Veyradier etal. , 2004). Focal or gener¬ 
alized seizures have been reported mainly in the terminal phase of 
the illness, whereas convulsive and nonconvulsive status epilepti- 
cus are less common findings (Beydoun etal., 2004; Blum and Dris- 
lane, 1996; Garrett et al., 1996; Horton etal., 2003; Kennedy etal., 
1980; Meloni etal., 2001; Ridolfi and Bell, 1981; Silverstein, 1968). 

TTP clinical manifestations may also include cortical blindness, 
homonymous hemianopsia, aphasia, dysarthria, bilateral ptosis, 
cranial nerve palsies, gaze-evoked nystagmus, ataxia, or paresis 
(BornsteinefflZ., 1960; Bridgman and Witting, 1996; Castella etal., 
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2004; Kelly et al., 1999; Park et al., 2005; Petz, 1977; Meloni et al, 
2001; Rinkel and Wijdicks, 1991; Soltes et al., 2004). Focal cere¬ 
bral manifestations are often fluctuating or evanescent, suggest¬ 
ing in some instances transient ischemic attacks (TIAs), although 
permanent residual deficits have been reported even with small 
infarcts (Ben-Yehuda et al., 1998; Kwaan and Boggio, 2005; Park 
et al., 2005). 

Thrombosis mainly affects the microvessels of gray or white 
matter, and cortical or small subcortical infarcts are found, as 
a result. Occasionally, large-vessel involvement may also occur, 
resulting from branch occlusion of the middle cerebral arteries 
(MCAs) or posterior cerebral arteries (PCAs) or, more rarely, of the 
entire MCA territory (Bakshi et al., 1999; Kelly etal., 1998; Rinkel 
and Wijdicks, 1991; Scheid etal., 2004). Ischemia maybe restricted 
to the brainstem or cerebellum, albeit very uncommonly (Bakshi 
etal., 1999). Intracranial supratentorial or brainstem hemorrhages 
are both very rare forms of TTP presentation (Horton etal., 2003; 
Piastraefa/., 2001). 

Renal impairment is less frequent and severe than neurological 
involvement (Chang and Ikhlaque, 2004; George, 2000; Peyvandi 
etal., 2004; Ridolfi and Bell, 1981; Rock etal., 1998; Veyradier and 
Meyer, 2005). It may be present as gross hematuria or, less often, 
as oligoanuria or acute renal failure. Although rather uncommon, 
kidney-associated hypertension may also be present and is usually 
severe and refractory to standard measures (Remuzzi etal., 1996). 

Hemorrhagic cutaneous lesions (purpura, petechiae, and ecchy- 
mosis) are seen in one-third of patients. Retinal hemorrhages, epi- 
staxis, and gingival, gastrointestinal, or vaginal bleeding may also 
occur, though overt bleeding is not typical (Castella et al., 2004; 
Gurkan etal., 2005; Horton etal., 2003). 

Fever is usually low grade (Gurkan et al., 2005; Rock et al., 
1998; Shepard et al., 1991). Generalized malaise, fatigue, arthral¬ 
gias, jaundice, abdominal pain, and a flu-like illness may also be 
present and may precede the main TTP clinical findings by several 
weeks (Amorosi and Ultmann, 1966; Ridolfi and Bell, 1981). Acute 
abdominal, pancreatic, and peripheral digit ischemic syndrome 
are atypical forms of TTP presentation (Bell et al., 1990; Chang 
and Ikhlaque, 2004; Elias et al., 1985; Muniz and Barbee, 2003). 
Acute respiratory distress, cardiac arrhythmias, and sudden death 
are very rare events in TTP (Kwaan and Boggio, 2005; Ridolfi and 
Bell, 1981). 

Diagnosis 

TTP is a clinical diagnosis with no pathognomonic laboratory test 
findings. Coombs-negative hemolytic anemia and severe throm¬ 
bocytopenia owing to platelet clumping in the microcirculation 
are the most outstanding laboratory abnormalities. Platelet counts 
often drop to <20 000/mm 3 or even <10 000/mm 3 (Amorosi and 
Ultmann, 1966; Bukowski, 1982; Peyvandi etal., 2004; Ridolfi and 
Bell, 1981; Rock et al., 1998). Recently, the severity of throm¬ 
bocytopenia was correlated with levels of ADAMTS-13 activity 
(Veyradier etal., 2001). 

Highly suggestive of TTP, but not pathognomonic, is red-blood- 
cell fragmentation on peripheral blood smear as a consequence 
of mechanical damage sustained when schistocytes attempt to 


traverse turbulent areas of the microcirculation that have been 
partially occluded by platelet clumps. The presence of schisto¬ 
cytes in pediatric patients is less prevalent than in adults; other 
red-cell abnormalities (anisocytes and poikilocytes) may also be 
found (Horton etal., 2003). Reticulocyte count and indirect biliru¬ 
bin level are high, whereas haptoglobin levels are low (Ruggenenti 
et al., 2001). Coagulation tests and disseminated intravascular 
coagulation panel (fibrinogen, D-dimer) are usually normal (Rock, 
2000; Rock et al., 1998). At presentation, extremely high lactate 
dehydrogenase (LDH) serum levels are commonly found, result¬ 
ing from ischemic or necrotic tissue leakage rather than intravas¬ 
cular red cell destruction (Brailey et al., 1999; Ruggenenti et al., 
2001). Thrombocytopenia may precede schistocytosis and LDH 
elevation by several days. 

Prompt diagnosis of TTP is crucial; therefore, it should be sus¬ 
pected on finding thrombocytopenia, schistocytosis, and signifi¬ 
cant elevations in LDH serum levels, without any other clinically 
apparent cause (Moake, 2002). 

In approximately one-half of TTP patients, creatinine and 
blood urea nitrogen levels may be slightly elevated. Protein¬ 
uria, hemoglobinuria, and microscopic hematuria may also be 
observed (Peyvandi etal., 2004; Rock etal., 1998). Bone marrow or 
gingival biopsy may reveal diagnostic lesions (hyaline thrombi) in 
half of TTP cases, as well (Kennedy etal., 1980; Kwaan, 1987). 

The differential diagnosis between TTP and hemolytic uremic 
syndrome (HUS), both ofwhich are thrombotic microangiopathic 
disorders, is often difficult because clinical and pathological find¬ 
ings may overlap. Severe renal dysfunction is not common in TTP, 
but is always found in HUS. The latter mainly occurs in children, 
manifesting as a single episode subsequent to a severe bloody diar¬ 
rhea most often from enterohemorrhagic strains of Escherichia coli 
or Shigella dysenteriae that produce a Shiga toxin (Mead and Grif¬ 
fin, 1998; Ray and Liu, 2001). As in TTP, extrarenal manifestations 
can also occur in HUS. 

One-fourth of all TTP patients show normal AD AMTS-13 activ¬ 
ity levels (Bianchi et al., 2002; Peyvandi et al., 2004). When severe 
ADAMTS-13 deficiency (<5% of normal sensitivity threshold) is 
found, it is most often due to the presence of ADAMTS-13 neutral¬ 
izing antibodies and will usually confirm an acquired TTP diag¬ 
nosis (Tsai, 2003; Zheng etal., 2004). In hereditary cases, however, 
the absence of ADAMTS-13 activity is not because of autoanti¬ 
bodies. Because of technical complexities, assay of the presence 
of ADAMTS-13 inhibitors and of ADAMTS-13 activity in plasma is 
not yet widely available in clinical practice (Veyradier and Meyer, 
2005). 

The correlation between the clinical course and ADAMTS-13 
levels is not consistent. Long-lasting stable hematological remis¬ 
sions have been observed despite persistent undetectable 
ADAMTS-13 activity (Dong etal., 2003). 

Cerebral edema and infarction are the most common neu¬ 
roimaging abnormalities observed during acute TTP. MRI is more 
sensitive than CT in revealing acute brain lesions, with figures 
around 80% and 50%, respectively (Bakshi et al., 1999; Kay et al., 
1991). Abnormal brain CT and MRI may reveal multiple hypo- 
dense areas or multiple foci of high intensity in T2-weighted 
images, respectively (D’Aprileeffl/., 1994; Tardy etal., 1993). These 
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lesions correspond to areas of cerebral edema, which predom¬ 
inantly affect white matter and, to a lesser extent, gray matter. 
When the occipito and/or parietal lobes are involved, radiolog¬ 
ical findings have an appearance similar to reversible posterior 
leukoencephalopathy (RPLS). In the TTP setting, RPLS-like find¬ 
ings may occur with or without hypertension and renal failure 
(Bakshi etal., 1999; Hawley etal., 2004). A noncontrast brain MRI 
may reveal increased signal intensity on both fluid-attenuated 
inversion recovery and T2-weighted images, whereas the signal 
is usually isointense on diffusion-weighted imaging and normal 
or increased in apparent diffusion coefficient map (Soltes et al., 
2004). Edema resolution usually occurs very soon after therapy 
is initiated; consequendy, MRI may be normal during the con¬ 
valescence phase (Bakshi et al. t 1999; Fiorani et al., 1995; Soltes 
et al., 2004). Large and small infarctions may also be found in 
neuroimaging studies, whether cerebral edema is present or not. 
Less often, petechial hemorrhages and supratentorial or brain¬ 
stem hematomas are observed (Bakshi et al., 1999; Meloni et al., 
2001; Piastra etal., 2001). Electroencephalogram (EEG) is usually 
normal, even in TTP patients with evident neurological involve¬ 
ment. Less often, paroxysmal patterns may also be observed 
(Meloni etal., 2001). 

Treatment 

TTP remains a life-threatening disease the mortality rate of which 
may be as high as 90% when untreated. Once TTP is suspected, 
therapy should be initiated as soon as possible. Fresh whole blood 
exchange, the first beneficial therapeutic intervention for TTP, 
reduced mortality rate to 50% (Rubinstein et al., 1959). Subse¬ 
quently, plasma exchange (PE) showedgreaterefficacybyreducing 
the mortality rate to 20% (Amorosi and Ultmann 1966; Bukowski 
etal., 1977). 

Since its widespread introduction in 1991, the first line of treat¬ 
ment in adults or older children with acute idiopathic acquired 
TTP continues to be PE. This procedure restores ADAMTS-13- 
deficient plasma and removes the pathogenic inhibitory anti¬ 
bodies and large vWF multimers (Cataland and Wu, 2005). The 
standard replacement fluid is usually fresh frozen plasma (FFP), 
although cryosupernatant plasma (CSP) and solvent-detergent- 
treated plasma - both lacking in the largest vWF multimers present 
in FFP - may be as efficacious as FFP (Brailey etal., 1999). 

The PE success rate in patients with acquired TTP has been esti¬ 
mated at approximately 90% (Bell et al., 1991; Rock et al., 1991). 
Lower titers of ADAMTS-13 autoantibodies have been associated 
with a better response to PE (Zheng et al., 2004). Nevertheless, 
the optimal PE treatment schedule and the therapeutic targets 
continue to be a matter of debate. Early on, treatment is usually 
performed daily, and response is highly variable (Rock, 2000). Neu¬ 
rological symptoms and LDH serum levels will generally resolve 
soon after PE is initiated, whereas thrombocytopenia and anemia 
improve gradually (George, 2000). Clinical remission - an increase 
in platelet count > 100-150 x 10 9 /L and a drop in LDH levels for 2 
or 3 days - is attained between 7 and 30 days after PE. Seventy-five 
percent of patients achieve remission by day 14 (Coppo etal., 2003; 
Rock etal., 1991; Willis and Bandarenko, 2005). 


Incomplete response to daily PE or refractory TTP (lack of 
response within the first 7 days) may occur in 10%-20% of cases 
(Allford et al., 2003). Delay in PE commencement is correlated 
with treatment failure, and lack of response to PE has been associ¬ 
ated with either the secondary form of acquired TTP or high titers 
of ADAMTS-13 antibodies (Tsai, 2000). Corticosteroids have been 
used as an adjunct therapy to PE and in instances where PE has 
not been successful, but their role in TTP treatment remains to be 
properly established (Cataland and Wu, 2005; Gurkan etal., 2005). 

One-third of patients may relapse after 30 days of complete 
remission and discontinuation of PE (Bandarenko et al., 1998; 
Onundarson et al., 1992). ADAMTS-13 inhibitors may persist for 
a variable time - from months to years. When these inhibitors are 
found in high titers, relapses are more frequent (Sadler etal. ,2004; 
Zheng et al., 2004). Relapses infrequently occur as acute strokes 
(Downes etal., 2004). 

In case reports and in smaller cohorts of patients, vincristine, 
rituximab, cyclosporine A, intravenous IgG, and splenectomy have 
proven to be successful in the treatment of refractory or relapsing 
TTP (Cataland and Wu, 2005; Rock, 2005). As with corticosteroids, 
controlled trials are needed to define the place of these adjunct 
therapies in relapsing TTP treatment. 

Antiplatelet agents (aspirin or dipyridamole) are often added 
to PE, but hemorrhagic complications have been a main concern 
(Rock, 2000; Rock etal., 1991). Aspirin (75 mg/day) maybe used 
when the platelet count is >50 x 10 9 /L (Allford etal., 2003). Reluc¬ 
tance to use antiplatelet agents has also grown due to reported 
cases of TTP secondary to thienopyridine (ticlopidine and clopi- 
dogrel) use (Bennett etal., 1998; Zakarija etal., 2004). 

Infusion of FFP, CSP, or solvent-detergent-treated plasma con¬ 
taining active ADAMTS-13 is sufficient for treatment of familial 
TTP patients. To avoid recurring episodes, the infusion should be 
repeated every 2 or 3 weeks (Furlan and Lammle, 2001; Moake, 
2002; Sadler etal., 2004). 

Prognosis 

Prognosis for TTP patients has changed radically since the intro¬ 
duction of PE as standard therapy. However, the mortality rate for 
some subgroups remains unaffected, as in the case of patients with 
secondary TTP (mainly associated with bone marrow transplan¬ 
tation, cancer chemotherapy, or drugs), in whom mortality rates 
range from 86% to 100%, despite PE (Vesely etal., 2003). 

Normal neuroimaging studies or MRI demonstration of RPLS- 
like lesions may be associated with a favorable neurological out¬ 
come, whereas infarctions or hemorrhages may portend an unfa¬ 
vorable prognosis (Kay et al., 1991). Most TTP patients with CNS 
involvement undergo minimal disability or have no long-term 
sequela (Kelly etal., 1999; Meloni etal., 2001). 

Conclusion 

TTP is a multisystem disorder that is being increasingly recognized. 
It may be described as a prothrombotic state in the microvascula¬ 
ture due to a perturbed metabolic pathway ofvWF and its cleaving 
protease. Timely diagnosis and prompt initiation of therapy are 
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essential for TTP patients. Diagnosis is mainly based on hemato¬ 
logical findings and a broad variety of neurological abnormalities, 
including ischemic or, less often, hemorrhagic stroke. PE is cur¬ 
rently the mainstay of treatment; however, rapid advances in the 
understanding of TTP pathophysiology may offer more specific 
and effective therapies in the near future. 
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CEREBROVASCULAR COMPLICATIONS OF 
HENOCH-SCHONLEIN PURPURA 

Sean I. Savitz and Louis R. Caplan 


Henoch-Schonlein purpura (HSP), the most common vasculitis 
that affects children, is an acute, small-vessel leukocytoclastic pro¬ 
cess (Saulsbury, 2007). The frequency is about 10 cases per 100 000 
persons per year (Calvino etal., 2001; Saulsbury, 1999, 2007). The 
condition also affects adults but much less often than children. 

Historical background 

The first case was probably reported by Heberden two centuries 
ago (Heberden, 1801; Saulsbury, 1999) who described a 5-year- 
old boy with abdominal pain, arthritic pain, melena, hematuria, 
and a purpuric rash. Schonlein (1837) described the association 
of purpura, arthritis, and precipitates in the urine, and Henoch 
(1874, 1899), a pupil of Schonlein, later elaborated on the gas¬ 
trointestinal and renal findings in his patients. Sir William Osier 
(1914) published several reports on the condition emphasizing the 
renal involvement, and he provided some of the initial descrip¬ 
tions of the neurological complications of HSP: headache, behav¬ 
ioral alterations, and depressed consciousness (Osier 1914). Osier 
attributed the disease to anaphylaxis, and subsequent authors 
sometimes referred to the condition as "anaphylactoid purpura” 
(Saulsbury, 1999). 

General clinical findings and pathogenesis 

HSP is a systemic vasculitis involving vascular wall deposits of 
predominantly immunoglobulin (Ig) A within the small vessels of 
the gut, skin, joints, and kidneys, and in the mesangium of the 
renal glomeruli (Knight et al. 1988; Saulsbury, 1999, 2007). The 
disease is characterized by palpable purpura, arthralgias, abdom¬ 
inal pain, and renal abnormalities. Skin purpura is found in all 
patients and consists of palpable purpuric lesions that range in 
size from 2 to 10 mm in diameter (Saulsbury, 2007). Table 42.1 lists 
the most frequent clinical findings among a series of 100 patients 
(Saulsbury, 1999). Arthralgias, arthritis, and abdominal pain often 
precede the development of purpura. The onset of nephritis is 
often delayed by weeks (Saulsbury, 1999). Intussusception can 
develop and cause intestinal obstruction (Saulsbury, 1999; Tra¬ 
pani et al., 2005). Orchitis is also a problem in boys. Recurrences of 
disease after resolution of symptoms and signs develop in about 
one-third of patients (Saulsbury, 1999). 

The most frequent laboratory abnormalities are high erythro¬ 
cyte sedimentation rates, microscopic hematuria, proteinuria, 
and elevated levels of IgA (Saulsbury, 1999, 2007; Trapani et al., 


2005). Serum complement (C3 or C4 concentrations) is low in 
some patients (Calvino etal., 2001; Trapani etal., 2005). Biopsy of 
the skin in patients with HSP often shows neutrophilic infiltration 
in and around dermal blood vessels. Immunofluorescence analy¬ 
sis shows granular deposits of IgA and some quantity of comple¬ 
ment (C3) and fibrin within the walls of the vessels (Giangiacomo 
and Tsai, 1977; Saulsbury, 1999; Stevenson etal., 1982). In the kid¬ 
neys, focal or diffuse mesangial proliferation and glomerular cres¬ 
cents are sometimes found. Immunofluorescence shows that IgA 
is deposited diffusely within the renal mesangium (Giangiacomo 
and Tsai 1977; Levy etal., 1976; Saulsbury 1999). 

A number of potential provoking agents have been posited. 
Group A |3-hemolytic streptococcal infection has been the most 
extensively studied, but this agent has been cultured in only a 
minority of patients with HSP (Saulsbury, 1999). Other infections - 
bacterial, viral, and parasitic - have occasionally been reported 
in patients. Various drugs have also been implicated. Probably a 
wide variety of stimulants can provoke an immunological response 
that triggers the occurrence of HSP. Perhaps the relatively naive 
immunological system found in childhood is more susceptible to 
an IgA response than in mature adults. 

Neurological complications and strokes 

HSP is known to cause neurological complications including 
seizure, chorea, encephalopathy, focal neurological signs, corti¬ 
cal blindness, as well as cranial and peripheral neuropathies and 
intracerebral hemorrhage (Chen et al., 2000; Eun et al., 2003; Ha 
andCha, 1996; Saulsbury, 1999; Trapani etal., 2005). Althoughneu- 
rological symptoms and signs are common, few patients have been 
evaluated by neurologists who defined the mechanisms of the 
findings. Many of the cerebral manifestations have been attributed 
to central nervous system vasculitis. Although there are no reports 
detailing the neuropathological changes of patients with HSP, it 
is possible that IgA immune deposition might trigger arteriolar 
inflammation in the cerebral vasculature. There have been doc¬ 
umented reports of neurological deficits in patients with HSP 
who have MRIs suggestive of cerebral vasculitis (Chen et al., 2000; 
Elinson etal., 1990; Eun etal., 2003; Ha and Cha, 1996). 

Intracerebral hemorrhage has also been reported in the setting 
of possible vasculitis and is posited to develop secondary to a 
fulminant course of arterial inflammation (Wen etal., 2005). Intra- 
parenchymal hemorrhages develop during a typical inflamma¬ 
tory attack but can occur before the onset of systemic symptoms 
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fable 42.1 Major findings among 100 children with HSP 

Findings 

Percentage of cases 

Purpura 

100 

Arthritis 

82 

Abdominal pain 

63 

Nephritis 

40 

Gastrointestinal bleeding 

33 

Orchitis 

5 (9% of boys) 

Seizures 

2 


Note: Data from Saulsbury, 1999. 


(Chiaretti etal., 2002; Paolini etal., 2003; Wen etal., 2005). Ischemic 
infarction and strokes also occur in HSP. One case report described 
a 17-year-old girl who infarcted the left lenticular nucleus, 
caudate, and perioperculum. Evaluation showed that she had 
anti-phospholipid antibodies in serum and cerebrospinal fluid, 
suggesting that the latter may predispose HSP patients to develop 
ischemic stroke (Sokol etal ., 2000). Other potential mechanisms to 
explain neurological complications in patients with HSP include 
encephalopathy and reversible leukoencephalopathy from the 
acute nephropathy or corticosteroids. 

Treatment 

Pulse steroids have been shown to be effective, but sometimes 
plasmapheresis has been used to arrest disease progression (Eun 
etal., 2003; Shin etal., 2006; Wen etal., 2005). Patients with severe 
nephritis, especially with the nephritic syndrome, have often been 
treated with corticosteroids and cyclophosphamide, cyclosporine, 
or azathioprine (Saulsbury, 2007). 
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PART V: SYSTEMIC DISORDERS THAT ALSO INVOLVE THE 
CEREBROVASCULAR SYSTEM 

MICROSCOPIC POIYANGIIIIS AND 
POLYARTERITIS NODOSA 


Marc D. Reichhart, Reto Meuli, andjulien Bogousslavsky 


Introduction, nosology, diagnostic criteria of 
polyarteritis nodosa and microscopic polyangiitis 

Kussmaul and Maier (1866) in Freiburg, Germany first reported a 
young patient with a fatal disease manifested by high fever, weight 
loss, abdominal pain, myalgias, muscle weakness, mononeuri¬ 
tis multiplex, and renal failure with proteinuria - symptoms that 
were previously described by Von Rokitansky in 1852 in Vienna 
(Brown and Swash, 1989; Tesar etal, 2004). At autopsy, Kussmaul 
and Maier found abnormal segmental thickening (macroscopi- 
cally discernable nodular lesions) and inflammation of small-to 
medium-sized arteries in many organs, and described the dis¬ 
ease as “periarteritis nodosa.” Since Ferrari (1903), it was renamed 
polyarteritis nodosa (PAN), and it remains the prototypic disor¬ 
der of the group of systemic necrotizing arteritis, including also 
Churg-Strauss syndrome (see Chapter 44), microscopic polyangi¬ 
itis (MPA), Kawasaki disease (see Chapter 13), and an overlap syn¬ 
drome (Younger, 2004). 

Zeek (1952) was the first to classify the various systemic vasculi- 
tides. The American College of Rheumatology’s (ACR) classifica¬ 
tion of “classic" PAN was published nearly 50 years later (Lightfoot 
et al., 1990). The 10 diagnostic criteria are summarized in Table 
43.1. If a patient fullfils at least three of them, the diagnosis of 
PAN can be made with a sensitivity of 82.2% and a specificity of 
86.6%. First recognized as a distinct microscopic form of PAN asso¬ 
ciated with crescentic glomerulonephritis (Davson et al., 1948), 
Godman and Churg (1954) confirmed that Zeek’s hypersensitivity 
angiitis was identical to “microscopic periarteritis” (Jennette and 
Falk, 2007; Segelmark and Selga, 2007), now called MPA since the 
Chapel Hill Conference Consensus on the nomenclature system 
of systemic vasculitis definitions (Jennette etal., 1994). However, 
some have questioned whether these two entities should be sep¬ 
arated because Kussmaul and Maier included glomerular lesions 
and small vessel involvement in their original description of PAN 
(Lie, 1994). 

The association of positive hepatitis B virus serology with PAN 
was first recognized in 1970, whereas anti-neutrophil cytoplasmic 
antibodies (ANCAs) in the 1980s were more frequently detected 
in MPA (Jennette and Falk, 2007; Segelmark and Selga, 2007). Falk 
and Jennette (1988) first reported that perinuclear subtype ANCAs 
(p-ANCAs), directed against myeloperoxidase, were detectable 
in MPA. The combined detection of positive ANCA by indirect 
immunofluorescence and enzyme-linked immunosorbence assay 


fable 43.1 1990 ACR criteria for the classification of PAN 

Criterion 

Definition 

1. Weight loss > 4 kg 

Loss of > 4 kg of body weight 
since illness began, not due to 
dieting or other factors 

2. Livedo reticularis 

Mottled reticular pattern over the 
skin (portions of the extremities 

or torso) 

3. Testicular pain or tenderness 

Pain or tenderness of the 

testicles, not due to infection, 

trauma, or other causes 

4. Myalgias, weakness, or leg 

Diffuse myalgias (excluding 

tenderness 

shoulder and hip girdle) or 

weakness of muscles or 

tenderness of leg muscles 

5. Mononeuropathy or 

Development of 

polyneuropathy 

mononeuropathy, multiple 
mononeuropathies, or 
polyneuropathy 

6. Diastolic blood pressure > 90 

Development of hypertension 

mmHg 

with diastolic blood pressure > 

90 mmHg 

7. Elevated blood urea nitrogen 

Elevation of BUN > 40 mg/dL or 

(BUN) or creatinine 

creatinine > 1.5 mg/dL, not due 
to dehydratation or obstruction 

8. Hepatitis B virus 

Presence of hepatitis B surface 
antigen or antibody in serum 

9. Arteriographic abnormality 

Arteriogram showing aneurysms 

or occlusions of the visceral 

arteries, not due to 

arteriosclerosis, fibromuscular 

dysplasia, or other 
noninflammatory causes 

10. Biopsy of small or 

Histologic changes showing the 

medium-sized artery containing 

presence of granulocytes or 

polymorphonuclear neutrophils 

granulocytes and mononuclear 
leukocytes in the artery wall 

Source'. Lightfoot etal., 1990, with permission. 
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(ELISA) has a specificity of 73% and a sensitivity of 67% for the 
diagnosis of MPA (Bosch etal., 2006). About 60% of patients with 
MPA show positive MPO-ANCA (p-ANCA), and 30% have pro¬ 
teinase 3 subtype ANCA (PR3-ANCA or c-ANCA) (Bosch et al., 
2006). Overall, more than 80% of MPA patients have ANCA 
(Jennette and Falk, 1997), but about 10% of them show nega¬ 
tive assays for ANCA, so that ANCA negativity does not exclude 
this small-vessel vasculitis. Conversely, up to 20% of patients with 
“classic” PAN show positive ANCA (Guillevin and Lhote, 1995). 
Positive results for hepatitis B virus and p-ANCA may help to dis¬ 
tinguish PAN from MPA (Guillevin etal., 1995a; Jennette and Falk, 
1997). 

According to the Chapel Hill nomenclature (Jennette et al., 
1994), systemic vasculitis is characterized by the size and pre¬ 
ferred type of vascular involvement: PAN, a medium-sized-vessel 
(main visceral arteries and their branches, such as renal, hepatic, 
coronary, and mesenteric arteries) vasculitis, is characterized by 
necrotizing inflammation of medium-sized or small arteries with¬ 
out glomerulonephritis or vasculitis in arterioles, capillaries, or 
venules, whereas MPA is defined as a necrotizing vasculitis with 
few or no immune deposits (pauci-immune) affecting small ves¬ 
sels (capillaries, venules, or arterioles), but necrotizing arteritis in 
the small and medium-sized arteries may be present; necrotizing 
glomerulonephritis is very common and pulmonary capillaritis 
occurs frequently. In a retrospective series of 99 British patients 
with primary systemic vasculitis from a single referral center (pop¬ 
ulation, 415000 people) during 12 years (1988-2000), although ini¬ 
tially 60 cases (60%) fulfilled the ACR criteria for the diagnosis of 
PAN, none of them could be confirmed according to the Chapel Hill 
criteria, including two patients with suspected PAN (2%) showing 
another type of vasculitis; overall, 24 (24%) had MPA (Lane, Watts, 
Shepstone, etal., 2005). In a similar Swedish study (population, 1.5 
million people), during 12 years (1990-2002), 10 patients fulfilled 
the Chapel Hill definition for PAN, giving an annual incidence of 
only 1.6 per million (Selga et al., 2006), which is rarer than MPA 
(8.4-11.6 per million) (Watts etal., 2001). 

A more recent European consensus classification of the ANCA- 
associated vasculitides and PAN was validated (Watts etal., 2007), 
using the ACR criteria and the Chapel Hill definitions with a step¬ 
wise algorithm. The following are used to separate MPA from clas¬ 
sic PAN: surrogate markers for renal vasculitis, positive PR3- or 
MPO-ANCA testing, and histologically proven small-vessel vas¬ 
culitis or glomerulonephritis. PAN is characterized by typical com- 
patable histology or typical celiac axis angiographic abnormalities 
(see Figure 43. IB) (Das and Pangtey, 2006)) For recent data on the 
prevalence and incidence of MPA and classic PAN, see Lane, Watts, 
and Scott, 2005. 

The largest reported series that included randomized clinical 
trial results focusing on treatment, and later pooled to obtain data 
on prognostic factors, outcome, and mortality in patients with 
PAN and MPA, came from the French Vasculitis Study Group, pre¬ 
viously known as the Cooperative Study Group for Polyarteritis 
Nodosa (Agard etal., 2003; Bourgarit etal., 2005; Chanseaud etal., 
2005; Gayraud et al., 2001; Guillevin et al., 1995a, 1995b, 1999, 
2005; Guillevin, Le Thi, Godeau, etal., 1988; Guillevin and Lhote, 
1995; Guillevin, Lhote, Amouroux, et al., 1996; Guillevin, Lhote, 



Figure 43.1 Visceral angiography of Patient 5, Lausanne, showing multiple 
microaneurysms (arrow). 


Cohen, et al., 1995b; Lhote et al., 1996). The differential diagno¬ 
sis of PAN and MPA is summarized in Table 43.2 (Guillevin et al., 
1997a; Guillevin and Lhote, 1995; Jennette etal., 2001; Niles etal., 
1996). In a retrospective series of 72 patients with PAN and MPA 
(50% each), initial manifestations were similar in both vasculi¬ 
tides, except that peripheral neuropathy and gastrointestinal tract 
involvement were more frequent in PAN) and systemic symptoms 
alone (i.e. fever, weight loss, asthenia) were found only in MPA 
(Agard etal., 2003). 

MPA 


Clinical features 

MPA affects men more often than women (male-to-female ratio of 
1-2:1) (Adu etal., 1987; Gayraud etal., 2001; Guillevin etal., 1999; 
Hogan etal., 1996; Lane, Watts, Shepstone, et al., 2005; Nachman 
etal., 1996; Savage etal., 1985; Westmanef aZ., 1998). Most patients 
are older than 50 years (Adu etal., 1987) (mean, 60; range, 50-70) 
(Agard et al., 2003; Ara et al., 1999; Gayraud et al., 2001; Guillevin 
etal., 1999; Hogan etal., 1996; Lane, Watts, Shepstone, etal., 2005; 
Nachman etal., 1996; Pavone etal., 2006; Rodgers etal., 1989; Sav¬ 
age etal., 1985; Westman etal., 1998). MPA is a systemic necrotiz¬ 
ing vasculitis that clinically and histologically involves capillaries, 
venules, or arterioles without granulomata, and is associated with 
necrotizing crescentic glomerulonephritis and hemorrhagic pul¬ 
monary capillaritis, which are the main causes of mortality and 
morbidity (Guillevin etal., 1999; Jennette etal, 2001; Lhote etal., 
1996, 1998; Lhote and Guillevin, 1995). Renal involvement is very 
common, found in 79%-92% of patients in recent series (Guillevin 
etal., 1999; Lane, Watts, Shepstone, etal. , 2005; Pavone etal., 2006). 
Kidney involvement requiring dialysis occurred in 16%-37% of 
cases (Guillevin etal., 1999; Pavone etal., 2006). Glomerulonephri¬ 
tis is found in 80%-100% of patients (Jennette et al., 2001; Lhote 
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Table 43.2 Differential diagnosis of PAN and MPA, 

Criteria 

PAN 

MPA 

Histology 

Type of vasculitis 

Necrotizing with 

Necrotizing with 


mixed cells, rarely 

mixed cells, not 


granulomatous 

granulomatous 

Type of vessels 

Medium-sized and 

Small vessels (i.e., 

involved 

small muscle 

capillaries, 


arteries, sometimes 

venules, or 


arterioles 

arterioles). 

Small- and 

medium-sized 

arteries may also 

be affected 

Distribution and localization 


Kidney 

Renal vasculitis with 

Yes 

No 

renal infarcts and 



micro aneurysms 



Renovascular 

Yes (10-33%) 

No 

hypertension 
Rapidly progressive 

No 

Yes (very common) 

glomerulonephritis 

Lung 

Pulmonary 

No 

Yes 

hemorrhage 
Pulmonary-renal 

No 

Most frequent 

syndrome 

Goodpasture’ 

syndrome 


cause 

Peripheral 

50-80% 

10-20% 

neuropathy 

Relapses 

Laboratory data 

Rare 

Frequent 

Perinuclear ANCA 

Rare (<20% in 

Frequent (50-80% 


frequency) 

of cases) 

HBV infection 

Yes (uncommon) 

No 

Abnormal 

Yes (variable) 

No (rare) 

angiography 

(microaneurysms, 

stenosis) 




Adapted from Guillevin ef a/., 1997a; Guillevin and Lhote, 1995; Jennette 
etal., 2001; and Niles etal., 1996. 


etal., 1998). The other most frequent target of MPA is lung involve¬ 
ment, found in 22-63% of patients (Adu et ah, 1987; Agard et ah, 
2003; Guillevin et al., 1999; Hogan et ah, 1996; Lane, Watts, 
Shepstone, et ah, 2005; Nachman et ah, 1996; Pavone et ah, 2006; 
Rodgers et ah, 1989; Savage et ah, 1985; Westman et ah, 1998). 
Pulmonary hemorrhage or hemoptysis has been reported in 11%- 
38% of cases (Adu et ah, 1987; Agard et ah, 2003; Guillevin et ah, 
1999; Lane, Watts, Shepstone, et ah, 2005; Pavone et ah, 2006; 
Rodgers etal., 1989; Savage etal., 1985). MPA is the most common 


cause of the pulmonary-renal syndrome, so-called Goodpasture’s 
syndrome (fennetteefa/., 2001; Jennette andFalk, 1997; Niles etal., 
1996). Other clinical features are: myalgias, arthralgias, and arthri¬ 
tis (50%—72%); purpura and splinter hemorrhages (44%—62%); 
abdominal pain (30%—58%); and gastrointestinal bleeding (29%) 
(Lhote et ah, 1998). Peripheral neuropathy (14%—58%) is less fre¬ 
quent than in PAN, whereas ear, nose, and throat lesions (5%—28%) 
are much more common (Adu et ah, 1987; Agard et ah, 2003; 
Guillevin et al., 1999; Hogan et al. } 1996; Lane, Watts, Shepstone, 
et ah, 2005; Nachman et ah, 1996; Pavone et ah, 2006; Rodgers 
etal., 1989; Savage etal., 1985; Westman etal., 1998). 

laboratory findings 

Laboratory findings show nonspecific inflammation, with raised 
erythrocyte sedimentation rate (ESR) (>20 mm/hour) in 76%- 
100% of cases (Adu etal., 1987; Guillevin etal., 1999; Pavone etal., 
2006; Rodgers et ah, 1989; Savage et ah, 1985; Westman et ah, 
1998), ranging from a mean of 74-88 mm/hour (Guillevin 
et al., 1999; Pavone et ah, 2006; Westman et al., 1998), increased 
C-reactive protein ranging from a mean of 56-69 mg/L (Ara etal., 
1999; Pavone et ah, 2006; Westman et ah, 1998), high white cell 
count (42%-90%) (Adu etal., 1987;RodgersefaZ., 1989; Savage etal., 
1985), eosinophilia (3-6%) (Rodgers etal., 1989; Savage etal., 1985), 
low hemoglobin (75-100%) (Adu etal., 1987; Rodgers et al. } 1989; 
Savage et ah, 1985; Westman et ah, 1998) and serum albumin 
(Savage etal., 1985), elevated plasma creatinine level (25%—100%) 
(Agard etal., 2003; Guillevin etal., 1999; Hogan etal., 1996; Pavone 
etal., 2006; Rodgers etal., 1989; Savage etal., 1985; Westman etal., 

1998) ranging from a mean of 2.54-7.4 mg/dL (Guillevin et ah, 
1999; Hogan et ah, 1996; Pavone et ah, 2006) or a median of 389 
pmol/L(>115 pmol/L) (Westman etal., 1998), microscopic hema¬ 
turia (11%—100%) (Adu et ah, 1987; Guillevin et al., 1999; Hogan 
etal., 1996; Rodgers et al., 1989; Savage etal., 1985), and protein¬ 
uria (70%-100%) (Adu et ah, 1987; Guillevin et al., 1999; Hogan 
et ah, 1996; Savage et ah, 1985). Concentrations of complement 
(C3,C4) are normal or high (19-68%) (Adu et al., 1987; Rodgers 
et ah, 1989; Savage et ah, 1985). Rheumatoid factor (23%-50%) 
(Adu et ah, 1987; Guillevin et ah, 1999; Rodgers et ah, 1989; Sav¬ 
age etal., 1985) and antinuclear antibodies (17%—33%) {Adu etal., 
1987; Guillevin et ah, 1999; Savage et ah, 1985) were detected in 
older series. Hepatitis B surface antigen (2.3%) (Guillevin et ah, 

1999) is rarely positive in MPA, contrary to PAN, whereas anti¬ 
hepatitis B virus (2.4%) (Adu et ah, 1987), anti-hepatitis C virus 
(1%), and anti-HIV (1%) (Guillevin et ah, 1999) antibody detec¬ 
tions were considered coincidental. 

In three large old MPA series (Adu et ah, 1987; Savage et ah, 
1985; Serra et ah, 1984) among 30 patients who underwent 
celiac axis/renal (visceral) angiography, only five showed microa- 
neursyms (16.7%) (see Figure 43.1; 43.1A and B) (Das and Pangtey, 
2006), including none in one series (Savage et ah, 1985). Small 
microaneurysms and stenosis in medium-sized vessels on vis¬ 
ceral angiography are commonly present in PAN, and this inva¬ 
sive angiogram procedure still remains a useful diagnostic tool for 
discriminating PAN from MPA (Guillevin, Lhote, Amouroux, etal., 
1996; Lhote etal., 1998). 
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Since the availability of non-invasive ANCA diagnostic testing, 
the most recently reported MPA series found increasing propor¬ 
tion of patients with positive ANCA, which has replaced visceral 
angiogram as the key investigation. Rogers et al. (1989) found 
that only 4/36 (11%) patients had positive ANCA. In later series, 
patients with MPA had positive serum ANCA in 85%-95% of cases 
(Bosch et al., 2006), but approximately 10% have negative ANCA 
assays (Jennette and Falk, 1997). Most patients with MPA and idio¬ 
pathic necrotizing and crescentic glomerulonephritis display per¬ 
inuclear pattern (indirect immunofluorescence) anti-neutrophil 
cytoplasmic antibodies (p-ANCA) directed to myeloperoxidase 
(MPO-ANCA), and increases in their levels precede or coincide 
with clinical relapses (Kallenberg et al. } 2006, 2007). Moreover, 
detection of PR3- and/or MPO-ANCA by ELISA, in the clinical con¬ 
text, have a specificity of 98% for the diagnosis ofANCA-associated 
vasculitides, which includes Wegener’s granulomatosis, MPA and 
its renal limited form, and the Churg-Strauss syndrome (see 
Chapter 44) (Kallenberg et al., 2006). The sensitivities of MPO- 
ANCA are 60% and 64% for MPA and idiopathic crescentic 
glomerulonephritis, respectively, whereas those of PR3-ANCA are 
30% for each (Kallenberg et al, 2006). Indeed, p- and c-ANCA 
have been reported in 87%-93% and 7%-13% of cases in MPA 
series, respectively (Guillevin et al, 1999; Pavone et al., 2006), 
whereas MPO- and PR3-ANCA were found in 64%-89% and in 
3.5%-25% of cases (Gibson et al., 2006; Hauer ef al., 2002; Pavone 
etal., 2006; Weidner et al., 2004). About 60% of patients with MPA 
or renally limited necrotizing crescentic glomerulonephritis have 
MPO-ANCA, and 30% showPR3-ANCA (Wiik, 2002). 

Pathology and pathogenesis 

The pathological hallmark of acute vascular lesions in MPA 
is segmental vascular necrosis with infiltration of mainly neu¬ 
trophils, and variable numbers of monocytes, lymphocytes, and 
eosinophils, often associated with fibrinoid necrosis and leuko- 
cytoclasia (i.e. transmural and perivascular leukocyte infiltration) 
of the media (Jennette et al., 2001; Lhote et al., 1996). The fib¬ 
rinoid necrosis and inflammation may erode into perivascular 
tissue, resulting in pseudoaneurysm formation (Jennette et al., 
2001). This produces various grades of hemorrhages resulting in 
purpura (dermal venulitis), pulmonary hemorrhage (alveolar cap- 
illaritis), and the hematuria of glomerulonephritis (Jennette etal., 
2001). Thrombosis may occur, causing infarction only if arteries 
are involved. Arteritis is most frequently seen in nerve, skeletal 
muscle, heart, liver, pancreas, and digestive tract (Jennette et al., 
2001). Another pathological feature of MPA is the coexistence of 
necrotizing vasculitis and healed lesions or normal artery in differ¬ 
ent parts of the same or in different tissues (Lhote et al. , 1996). The 
vasculitic lesions involve (in order of decreasing frequency) the 
following organs: kidney (93%), spleen (33%), lung (27%), mus¬ 
cle ( 20 %), and gastrointestinal tract, pericardium, central nervous 
system (CNS), testis, and uterus (7% each) (Lhote etal., 1996). 

Clinical, in vitro, and in vivo experimental data support the 
pathological role of ANCA in MPA. ANCA can stimulate neu¬ 
trophils to become adherent to endothelial cells, and primed neu¬ 
trophils with cytokines such as tumor necrosis factor-a (TNF-a) 


can lyse endothelial cells in vitro (Lhote et al., 1996). Cytokine- 
induced expression of adhesion molecules (lymphocyte function- 
associated antigen-1 [LFA-1], intercellular adhesion molecule 1 
[ICAM-1], endothelial-leukocyte adhesion molecule 1 [ELAM-1]) 
enables contact between neutrophils and endothelial cells. The 
coexistence of primed neutrophils, endothelium, and circulat¬ 
ing ANCA provokes the cascade of events leading to vasculitis 
(Lhote et al., 1996). Primed neutrophils with TNF-a express PR3 
and MPO on their surface, and when incubated with PR3- or 
MPO-ANCA, they are further activated to produce lytic enzymes 
such as elastase and PR3. Neutrophil activation is even stronger 
in the presence of arachidonic acid, indicating a potential for 
additional activation in an already inflammatory state (Kallenberg 
et al., 2006). Fc -7 receptor (Fey R) interactions may play a role in 
ANCA-induced neutrophil activation, and in pathways other than 
those mediated by G proteins (Kallenberg etal., 2006). Increased 
numbers of neutrophils that express PR3 on their membrane have 
been found in Wegener’s granulomatosis (associated with PR3- 
ANCA type contrary to MPA) and have been related to increased 
relapse frequency (Kallenberg etal., 2006). 

MPO expression is also essential for MPO-ANCA-mediated neu¬ 
trophil activation. ANCA can induce neutrophils and monocytes to 
adhere to the endothelial layer, where these cells become activated 
close to the vessel wall, resulting in small-vessel necrotizing vas¬ 
culitis. Many in vivo studies showed the proinflammatory poten¬ 
tial of MPO-ANCA in the development of MPA-like pulmonary 
vasculitis and glomerulonephritis. Presence of anti-MPO antibod¬ 
ies augments the inflammatory reaction, suggesting their poten¬ 
tial neutrophil activation capacity. Priming of neutrophils and 
endothelial cells with lipopolysaccharide prepares neutrophils 
for the activating effects of MPO-ANCA. A case report described 
the first case of transplacental transfer of MPO-ANCA from a 
woman with a history of vasculitis (MPO-ANCA positive) result¬ 
ing in pulmonary-renal syndrome in her newborn (Bansal and 
Tobin, 2004). The clinical presentation of MPO-ANCA-associated 
MPA lesions in humans is nearly identical to the lesions observed 
in experimental animals (Kallenberg et al., 2006). Finally, CD4- 
possitive T cells may also play a role in the pathogenesis of MPO- 
ANCA-associated glomerulonephritis (Kallenberg, 2007). 

Outcome 

Another characteristic of MPA, contrary to PAN, is its tendency to 
relapse, ranging from 25.4% to 60% of cases and within a median 
time ranging from 12 to 88 months (Gayraud et al., 2001; Gordon 
et al., 1993; Guillevin et al., 1999; Hogan et al., 2005; Jayne et al., 
1995; Nachman et al., 1996; Pavone et al., 2006; Westman et al., 
1998). Relapse may be preceded and monitored by ANCA lev¬ 
els or positive seroconversion during therapy of patients with 
ANCA-associated vasculitis {Aiaetal., 1999;Boomsmaefa/., 2000; 
Jayne etal., 1995; Kyndt et al., 1999; Nachman et al., 1996; Stege- 
man, 2002), but this strategy has been less well studied for MPA 
than for Wegener's granulomatosis. One Spanish series showed 
that positive-to-negative seroconversion p-ANCA directed against 
MPO (ELISA) was achieved in 75% (18/24 cases) of patients with 
MPA (14 cases), and so-called renal limited vasculitis (RLV) or 
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rapidly progressive glomerulonephritis type III (10 cases) within 
6 months following standard immunosuppressive therapy (Ara 
et al, 1999). All relapses were associated with, or closely pre¬ 
ceded by, seroconversion (negative-to-positive) or by an increase 
in the anti-MPO ANCA titers (Ara etal., 1999). Another European 
series (Dutch) of patients with MPA/RLV found a trend of lower 
relapse-free survival at 5 years in PR3-ANCA (63%) compared with 
MPO-ANCA (84%) positive patients (Stegeman, 2002). In con¬ 
trast, a large series from the southeastern United States includ¬ 
ing MPA (58%), RLV (25%), and Wegener’s granulomatosis (17%) 
found that patients with anti-PR3 antibodies were 1.87 times more 
likely to relapse than were those who were anti-MPO seropos¬ 
itive, after achieving remission (Hogan et al., 2005). A Swedish 
series including MPA and Wegener’s granulomatosis found, in 
near half of the patients in each group, that very high PR3-ANCA 
level at time of diagnosis (>550 U), measured by the capture 
ELISA method (Westman et al., 1998), was significantly associ¬ 
ated with an increased risk of decreased patient survival (Westman 
et al., 2003). These conflicting results may be explained by racial 
and geographical differences between Wegener’s granulomatosis 
and MPA in the prevalence and association with PR3- or MPO- 
ANCA (Kallenberg, 2007). 

The prognosis of MPA and Wegener’s granulomatosis was only 
18% at 1 year before the use of immunosuppressive therapy (Wal¬ 
ton, 1958). Since the use of corticosteroids and cyclophosphamide, 
first reported by Fahey ef al. (1954) and later by Fauci etal. (1971), 
patient survival improved to 80% at 5 years for Wegener’s granulo¬ 
matosis (Fauci etal., 1983). As regards MPA, despite evolvingmod- 
ern immunosuppressive treatment over 20 years, the survival rates 
of patients still ranges as follows: at 1 year, 62%-93% (Adu et al., 
1987; Bourgarit et al., 2005; Lane, Watts, Shepstone, et al., 2005; 
Pavone et al., 2006; Weidner et al., 2004; Westman et al., 2003), 
at 5 years, 45%-80% (mean, 74%) (Gayraud etal., 2001; Guillevin 
etal., 1999; Lane, Watts, Shepstone, etal., 2005; Pavone etal., 2006; 
Savage etal., 1985; Weidner etal., 2004; Westman etal., 2003), and 
at 10 years, 52%-55% (Gordon etal., 1993; Westman etal., 2003). 

Treatment 

Early previous series highlighted the longer survival rate (i.e. 
5.56 times better) (Hogan et al., 1996) of patients treated with 
cyclophosphamide (3 mg/kg/day) and corticosteroids than of 
those receiving corticosteroids alone (Ad u el al. , 1987; I logan eLal, 
1996; Rodgers etal., 1989; Savage etal., 1985). The dose and type of 
corticosteroid treatment depend on the severity of MPA and par¬ 
ticularly the presence of renal involvement (methylprednisolone 
pulses intravenously 15 mg/kg over 60 minutes, at 24-hour inter¬ 
vals, for 3 days, or oral prednisone 1 mg/kg/day), which should be 
tapered as soon as possible, according to the European Vasculi¬ 
tis Study group (Guillevin and Lhote, 1998; Jayne, 2001). The gold 
standard regimen consisted 20 years ago in oral daily cyclophos¬ 
phamide (2 mg/kg), accompanied by a tapering dose of oral 
prednisolone (Jayne, 2001). The European Vasculitis Study group 
designed prospective therapeutic trials for ANCA-associated 
vasculitis, comparing classic cyclophosphamide (with/without 
corticosteroids) with methotrexate, azathioprine, and plasma 


exchange (Jayne, 2001) and their website (www.vasculitis.com, 
2007). There was improved renal outcome in the plasma 
exchange/cyclophosphamide group versus the methylpredis- 
olone/cyclophosphamide group in patients with severe renal 
involvement (creatinine > 500 jig/L) (Watts et al., 2005). Plasma¬ 
pheresis is effective in some patients with MPA and diffuse alve¬ 
olar hemorrhage (Klemmer et al., 2003). The largest prospective 
trial from the European Vasculitis Study group, which included 
155 patients at randomization (Wegener’s granulomatosis, 61%; 
MPA, 39%), investigated whether cyclophosphamide treatment 
could be reduced by substitution of azathioprine at remission 
(Jayne et al., 2003). All patients received oral cyclophosphamide 
(2 mg/kg/day) and prednisolone (1 mg/kg/day) tapered at 3 
months (0.25 mg/kg) before randomization. After randomiza¬ 
tion, patients received either cyclophosphamide (1.5 mg/kg/day) 
or azathioprine (2 mg/kg/day), together with prednisolone 
(10 mg/day). At 12 months, both groups received azathioprine 
(1.5 mg/kg/day) and prednisolone (7.5 mg/day). After randomiza¬ 
tion, 93% (144) entered remission and were assigned to azathio¬ 
prine (71) or continued cyclophosphamide (73), with 15.5% and 
13.7% relapsed, respectively (p = .65). Relapses were less frequent 
in patients with microscopic polgangiitis (8%) than in those with 
Wegener’s granulomatosis (18%); p = .03) (Jayne etal., 2003). With¬ 
drawal of cyclophosphamide and substitution of azathioprine 
after remission did not increase the rate of relapse. These data 
suggest that the treatment of MPA should comprise initial high- 
dose corticosteroids with a cytotoxic agent, followed by transition 
to a less toxic maintenance agent after achieving remission (Molloy 
and Langford, 2006). 

Intravenous immunoglobulin (IVIg) gave conflicting results. 
One placebo-controlled trial of relapsed ANCA-associated vas- 
culitides included 17 patients treated with IVIg (0.4 g/kg/day 
for 5 days) versus 17 treated with placebo (Jayne et al., 2000). 
Treatment responses were found in 14 (IVIg) versus 6 (placebo) 
patients per group, respectively (p = .015). Mild, reversible side 
effects were frequent in the IVIg group. A single course of IVIg 
reduced disease activity, but the effect was not maintained beyond 
3 months (Jayne et al., 2000). A French prospective study (2005) 
including patients with relapsed ANCA-associated systemic vas¬ 
culitis received monthly infusions of IVIg for 6 months in addi¬ 
tion to conventional treatment (Guillevin et al., 2007). Complete 
remission was achieved in 59% of cases (13/22), without severe 
adverse effects. The therapeutic effects of IVIg are the following: 
modulation/regulation of Fey R expression in leukocytes and 
endothelial cells, interaction with complements, modulation of 
cytokine/chemokine synthesis/release, neutralization of circulat¬ 
ing antibodies, and interaction with lymphocytes and monocytes 
(Guillevin etal. , 2007). Infliximab, an anti-TNF-a monoclonal anti¬ 
body associated with conventional therapy, succeeded in remis¬ 
sion in 88% of patients (32 cases) with active ANCA-associated vas¬ 
culitis, including MPA (40%) and Wegener’s granulomatosis (59%) 
(Booth et al., 2004). Etanercept, another TNF-a blocker, has been 
tested only in Wegener’s granulomatosis (The Wegener’s granulo¬ 
matosis etanercept trial (WGET) research group, 2005). 

Rituximab is a chimeric monoclonal IgCl-K immunoglobulin 
directed against the CD20 antigen of B lymphocytes. Rituximab 
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Figure 43.2 MRI of Patient 3, Lausanne, 1996; lacunar stroke involving the posterior limb of the right internal capsule (A) and adjacent corona radiate (B) on 
T2-weighted image (Reichhart et al., 2000; patient 3). 


has been proven an effective remission induction agent and is 
well tolerated for severe refractory Wegener’s granulomatosis in 
10 patients (Keogh et al., 2006). A case series of nine patients 
with refractory ANCA-positive vasculitis (MPA, 2; Wegener’s gran¬ 
ulomatosis, 7) showed complete remission in all but one (partial 
remission) with rituximab therapy (Eriksson, 2005). Another simi¬ 
lar series of 10 patients (MPA, 2; Wegener’s granulomatosis, 8) also 
confirmed complete response in all but one (9 cases) including the 
two MPA-patients and partial remission in the remaining case at 
6 month (Stasi etal., 2006). 

Neurological complications 

Neurological complications of patients with MPA occur less fre¬ 
quently than in those with PAN, and were reported in 8%-16% 
of cases in early series (Hogan et al., 1996; Nachman et al., 1996; 
Westman et al., 1998). Peripheral nerve involvement, including 
mononeuritis multiplex and polyneuropathy, occurs in 4%-58% 
of MPA patients (Adu et al., 1987; Agard et al., 2003; Ara et al., 
1999; Gordon etal., 1993; Guillevin et al., 1999; Jayne et al., 1995; 
Lane, Watts, Shepstone, et al., 2005; Pavone et al., 2006; Rodgers 
etal., 1989; Savage etal., 1985; Weidner etal., 2004). CNS involve¬ 
ment was reported in 8%-29% of cases in previous series (Agard 
etal., 2003; Bourgarit etal., 2005; Guillevin etal., 1999; Lane, Watts, 
Shepstone, et al., 2005; Pavone etal., 2006; Rodgers et al., 1989; 
Savage etal., 1985; Weidner etal., 2004). The type of CNS compli¬ 
cation was specified as headache and seizure (Savage etal., 1985), 
ischemic or hemorrhagic stroke in one case each (Agard et al., 
2003), and as seizure with monoplegia and alteration in conscious¬ 
ness level, optic atrophy and sensineural deafness, subarachnoid 
hemorrhage, and pseudo-bulbar palsy in one case each (Rodgers 
etal., 1989). 


MPA-associated strokes 

Hemorrhagic (including secondary) strokes occur more frequently 
than ischemic infarction. Bleeding also occurs in other organs: 
hemoptysia/alveolar hemorrhage (lung) and hematuria (kidney). 
Among the six published MPA-associated strokes, three were 
ischemic with secondary hemorrhagic transformation (Honda 
etal., 1996; Ito etal., 2006; Sasaki etal., 1998), onewas purely hem¬ 
orrhagic (Han et al., 2006), and two were purely ischemic (Desh- 
pande et al., 2000; Reichhart et al., 2000). One case report was 
excluded (Nakane etal., 1997), because positive p-ANCAand anti¬ 
nuclear antibodies are known to occur in rheumatoid arthritis- 
associated vasculitis (Bosch etal., 1995).Patient3 (1996, Lausanne, 
reported below) with positive p-ANCA both in the serum and cere¬ 
brospinal fluid (CSF) (Reichhart et al., 2000) represents a MPA- 
related stroke. She developed an ischemic infarct in the territory 
of the anterior choroidal artery (see Figure 43.2, A and B) (Reich¬ 
hart etal., 2000). The clinical and neuroradiological features, other 
organ involvement, laboratory results, treatment, and outcome of 
these five MPA-associated strokes are summarized in Table 43.3. 

Patient 3,1996 (Lausanne) 

A 55-year-old Italian woman developed over 2 months asthe¬ 
nia, weight loss (5 kg), night fever (38.5°C), hypertension, large 
joint arthritis, myalgia, lower limb livedo reticularis, and Ray¬ 
naud’s phenomena. She was admitted for a bilateral asymmetric 
peroneal mononeuritis (confirmed electrophysiologically). There 
were biological signs of inflammation (ESR, 90 mm/h; white blood 
cell [WBC] count, 13.4 G/L; eosinophiles, 15%) and renal fail¬ 
ure with nephrotic syndrome. The diagnosis of PAN was made 
by sural nerve and renal biopsy, although positive p-ANCAs were 
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Table 43.3 Clinical and neuroradiological features, other organ involvement, laboratory results, treatment, and outcome of six 
MPA-associated strokes 


Author year 

Age/ 

Sex 

Clinical features 

Neuroimaging 

Organ involvement 

Laboratory 

findings 

Treatment 

Outcome 

Honda etal., 

1996 

56/F 

Seizures, L hemiparesis 
hypesthesia, 

R homonymous 
hemianopia 

B occipital infarcts 
(1 st MRI), L 
occipital + R 
temporal lobar 
hemorrhages (2 nd 
MRI) 

PNP, intestinal 
hemorrhage, NCGN 

p-ANCA 

(MPO, 1000 

EU/mL) 

Pulsed MP, 

plasmapheresis, 

PSL 

Favorable 

Reichhart 

etal., 2000 

(Patient 3, 

1996) 

55/F 

L sensorimotor 

syndrome 

R lacunar infarct of 

the posterior limb 

of the internal 

capsule (MRI, 

Figure 43.2) 

MM, renal failure + 
nephrotic syndrome, 
arthritis, myalgia, LR 

p-ANCA 

(1/320 EIA), 

p-ANCA 

(CSF, 2 EIA) 

Pulsed MP + CYC, P, 

ASA 

Favorable 

Sasaki etal., 

1998 

78/M 

L hemiparesis, 
homonymous 
hemianopia 

R frontoparietal 

infarct (MRI), 

multiple 

hemorrhagic 

strokes(autopsy) 

Renal failure (NCGN), 
digestive tract massive 
hemorrhage, alveolar 
hemorrhage 

p-ANCA 

(637) 

Unknown 

Died 

Deshpande 

etal., 2000 

15/F 

Blurred vision, 

headache, seizures, 
probable visual agnosia 

B occipital ischemic 

strokes, normalized 

at 2 mo (MRI) 

NCGN, pulmonary 
edema, pleural 

effusion 

p-ANCA 

(MPO, 26 

EU/mL; N 

< 3) 

Pulsed MP, CYC, P, 5 

PE, pulsed CYC 

Favorable 

Ito etal., 

2006 

56/M 

R hemiparesis, 
dysarthria, coma 

B corona radiata 

infarcts (MRI), 

cerebral + 

ventricular massive 

hemorrhage (CT) 

PNP 

p-ANCA 

(640 U) 

Pulsed MP (2), PSL, 

heparin 10000 

Ul/day 

Died 

Han etal., 

2006 

43/M 

L amaurosis fugax, 
followed by L 
hemiparesis + 
homonymous 
hemianopia, coma 

R ICA occlusion (1 st 

MRI), R 

parietotemporal + 

ventricular 

hemorrhage (CT) 

Myalgia, arthritis, 
deafness, NCGN, 

microinfarction of 

kidney, spleen, 
adrenals (no 

c-ANCA 

(1:80), PR3 

(40 U/ml) 

Antibiotics, ASA, P, 

pulsed MP + CYC 

Died 


granuloma, necropsy) 

L = left; R = right; B = bilateral; MP = methylprednisolone; P = prednisone; PSL = prednisolone; LR = livedo reticularis; MM = mononeuritis multiplex; 
PNP = polyneuropathy; NCGN = necrotizing crescentic glomerulonephritis; mo = months; ASA = acetisylate acid; EIA= enzyme immuno assay; CYC 
= cyclophosphamide; PE = plasma exchange; ICA = internal carotid artery. 


found in the serum (1/320 EIA). Corticosteroids were promptly 
initiated, but 8 hours later she developed a left-side sensorimo¬ 
tor syndrome without hemineglect (two adjacent right-side deep 
small infarcts, anterior choroidal artery territory; Figure 43.2, A 
and B). Echocardiography and Doppler studies of the carotids 
were normal, and tests for coagulation (including antithrom¬ 
bin III and anti-cardiolipin antibodies) were normal. CSF immu- 
noelectrophoresis showed signs of blood-brain barrier rupture 
(p-ANCA could therefore also be detected in the CSF). Follow¬ 
ing treatment with intravenous corticosteroids then prednisone 
(1 mg/kg/d), together with antiplatelet drug (ASA, 200 mg), and 
intravenous pulsed cyclophosphamide therapy (750 mg/m 2 / 
month), the clinical course improved. During a 3-year follow-up, 


there was no stroke recurrence. Retrospectively, applying the 
Chapell Hill nomenclature, this patient represents the first pub¬ 
lished lacunar stroke syndrome associated with MPA rather than 
with PAN, as previously reported (Reichhart etal., 2000). 

PAN 


Clinical features 

Classic PAN is a rare disease, with an annual incidence of 0.7- 
1.8 and prevalence of 6.3 per 100 000 habitants (biopsy-proven 
study, 1983) (Brown and Swash, 1989; Guillevin etal., 1997a; Lhote 
et al ., 1998). Applying the Chapel Hill dehnition for PAN, one series 
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found an annual incidence of only 0.16 cases per 100 000 (Selga 
etal., 2006). The PAN prevalence was estimated to be 2-9 per mil¬ 
lion using Chapel Hill criteria and 33 per million (ACR criteria; 
Table 43.1), respectively, whereas a recent French study estimated 
it at 30.7 per million, including about 30% of cases with hepatitis B 
virus (Mahr etal, 2004). The annual incidence rate of PAN ranges 
from 4.6 (England), to 9.0 (Minnesota), to 77 per million in a hep¬ 
atitis B virus hyperendemic Alaskan Eskimo population (Guillevin 
etal., 1997a; Lhote etal., 1998). The frequency of hepatitis B virus- 
associated PAN in developed countries has decreased from 36% 
in the 1970s to 7%-10% now (immunization, screening of blood 
donors) (Colmegna and Maldonado-Cocco, 2005; Guillevin etal., 
1997a; Lhote etal., 1998). 

The association between PAN and hepatitis B virus surface anti¬ 
gen (so-called Australia antigen) was first recognized by Trepo 
and Thivolet (1970) and Gocke et al. (1970). This etiology of PAN 
has been further confirmed in large hepatitis B virus-PAN series 
(Guillevin etal., 2005; Guillevin, Lhote, Cohen, etal., 1995b). The 
following viruses were found to be associated with PAN: hepatitis C 
virus, detected in <5% of PAN patients (Guillevin, 2004; Guillevin 
et al., 1997b; Pagnoux et al, 2006); HIV (Chetty, 2001; Gherardi 
etal., 1993; Guillevin, 2004; Guillevin etal., 1997b; Pagnoux etal., 
2006); erythrovirus B19 (Guillevin, 1999b; Guillevin and Lhote, 
1998; Pagnoux etal., 2006); cytomegalovirus (Pagnoux et al., 2006); 
and Epstein-Barr virus (Caldeira etal., 2007). However, except for 
hepatitis B virus, the role of these viruses in the pathogenesis of 
PAN remains controversial (Mandell and Calabrese, 1998; Stone, 
2002). PAN maybe secondary to hairy cell leukemia, Sjogren’s syn¬ 
drome, or rheumatoid arthritis (Colmegna andMaldonado-Cocco, 
2005; Conn, 1990). 

PAN affects equally men and women at any age and of all 
ethic groups, with a predominance between the ages of 40 and 60 
years (Guillevin etal., 1997a; Lhote etal., 1998), and with a mean 
age of 52 years (Gayraud et al., 2001; Guillevin, Lhote, Gayraud, 
et al., 1996). A spectrum of systemic organ involvement exists in 
PAN, excepting the lung, which ranges from limited forms of PAN 
to multisystem disease (Colmegna and Maldonado-Cocco, 2005; 
Segelmark and Selga, 2007). Organ-limited varieties of PAN com¬ 
prise the following: cutaneous form including nodules, ulcers, and 
livedo reticularis (Colmegna and Maldonado-Cocco, 2005; Segel¬ 
mark and Selga, 2007); striated muscle form (Kamimura et al., 
2005; Segelmark and Selga, 2007); and primary angiitis of the 
CNS (see Chapter 1) form (MacLaren et al., 2005; Segelmark 
and Selga, 2007). According to large series (Bonsib, 2001; Brown 
and Swash, 1989; Colmegna and Maldonado-Cocco, 2005; Conn, 
1990; Guillevin et al., 1997a), the frequency ranges of clinical 
features of PAN vary as follows, in decreasing order: general 
symptoms (76%—81%) including fever (31%-81%) and weight 
loss (54%—66%); peripheral neuropathy (50%-75%), renal involve¬ 
ment (35%—70%), musculoskeletal (25%-64%) including myal¬ 
gias (30%—73%), arthralgia or arthritis (46%-53%), gastrointesti¬ 
nal tract (23%-60%) with abdominal pain (34%-43%) including 
acute surgical abdomen in one-third of cases, skin (25%-60%), 
hypertension (40%-54%), heart (20%-36%), genital tract (21%), 
CNS (10%-20%), and eye (20%). The clinical features of hep¬ 
atitis B virus-associated PAN are roughly similar to classic 


PAN, with the exceptions of higher frequencies of malignant 
hypertension (29.6%), orchiepidymitis (26%), renal infarction 
(26%—28%), and abdominal manifestations (46.3%) (Guillevin 
etal., 2005; Guillevin, Lhote, Cohen, etal., 1995b; Guillevin, Lhote, 
Gayraud, etal., 1996; Lhote etal., 1998; Trepo and Guillevin, 2001). 
These differences were confirmed in a recent large hepatitis B 
virus-PAN series, which found no cases with positive ANCA or 
glomerulonephritis (Guillevin et al., 2005). Contrary to MPA, no 
specific laboratory test or clinical findings confirms or excludes 
the diagnosis of PAN. The diagnosis requires the integration of 
clinical, angiographic, and biopsy findings. PAN should be sus¬ 
pected in patients with constitutional symptoms and multisystem 
involvement (Colmegna and Maldonado-Cocco, 2005). PAN must 
be highly considered in patients with systemic vasculitis, orchitis, 
abnormal angiographic findings, absence of glomerulonephritis, 
and ANCA negativity (Guillevin, Lhote, Amouroux, etal., 1996). 

laboratory findings 

An ESR > 60 mm/hour (78%—89%), increased C-reactive protein, 
high a2-globulin level, leukocytosis (45%-75%), normochromic 
anemia (34%—79%), and thrombocytosis are often found (Conn, 
1990; Lhote et al., 1998). Hypereosinophilia > 500/mm 3 (20%), 
diminished levels of serum albumin, and concentrations of serum 
whole complement and C3and C4 components (25%), presence 
of immune complexes, and positive rheumatoid factor (40%) are 
less common findings (Conn, 1990; Kirkland et al., 1997; Lhote 
etal., 1998). The presence of hepatitis B virus antigen was detected 
inl0%-54%ofcasesinthe 1970s (Conn, 1990), in 36% of patients in 
the early 1980s (Guillevin, LeThi, Godeau, etal., 1988), in less than 
10% of cases in 1990-92 (Guillevin, Lhote, Cohen, et al., 1995b), 
and in 17.4% of cases in 1997-2002 (Guillevin et al., 2005). Posi¬ 
tive ANCAs were previously detected in 10%-27% of patients with 
PAN in the 1990s (Lhote etal., 1998), but more recently in less than 
10% of cases (Colmegna and Maldonado-Cocco, 2005), and were 
absent in the largest recent hepatitis B virus-PAN series (Guillevin 
etal., 2005). 

Biopsy and angiographic findings 

The procedure of single biopsy followed by angiography has a 
diagnostic sensitivity of 85% and a specificity of 96% (Albert et al., 
1988). The “gold standard’’ for the diagnosis of PAN is a biopsy that 
shows focal, segmental, panmural necrotizing inflammation of 
medium-sized arteries (Colmegna and Maldonado-Cocco, 2005; 
Lhote et al., 1998). Different stages of inflammation often co¬ 
exist: the acute stage shows fibrinoid necrosis of the media with 
neutrophils, monocytes, lymphocytes (CD8+ T cells), and some¬ 
times eosinophilic infiltration (see Figure 43.3, A-C), whereas the 
healing phase shows intimal and medial proliferation (i.e. with 
collagen deposition and fibrosis, so-called fibrotic endarteritis, 
see Figure 43.4) leading to arterial narrowing or occlusion, with 
secondary infarction (Bonsib, 2001; Colmegna and Maldonado- 
Cocco, 2005; Guillevin et al., 1997a; Lhote and Guillevin, 1995). 
Aneurysms with either hemorrhage or thrombosis maybe seen. No 
granulomas are present (Colmegna and Maldonado-Cocco, 2005). 
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Figure 43.3 Muscular biopsy of Patient 6, 2004, Lausanne. Hematoxylin and 
eosin staining shows typical inflammation of a small-sized artery, with 
perivascular inflammation (A). Staining for CD3 confirms T lymphocytes 
infiltration (B). Staining for CD20 shows B lymphocyte infiltration (C). See color 
plate. Figures courtesy of Prof. R.Janzer, Department of Pathology, Lausanne. 



Figure 43.4 Microscopic examination of cerebral arteries of Patient 1, 1982, 
Lausanne (Van Gieson-Luxol), showing arterial wall fibrosis ( purple-red) of 
arterioles and small arteries with fibrosis of the media and adventice (full 
arrow). Two small venules ( arrowhead) are normal. See color plate. (Reichhart 
eta!., 2000). 


The pathologic process affects medium- and small-sized arteries, 
less frequently arterioles, and rarely venules. Large elastic arteries 
such as the aorta and pulmonary arteries are rarely involved (Lhote 
etal., 1998). 

PAN has a predilection for arterial bifurcations and branch 
points (Bonsib, 2001), and the pattern of aneurysms was com¬ 
pared with “apples on a branching tree” by Kussmaul and Maier 
(1866). The most accessible symptomatic sites for biopsy are skele¬ 
tal muscle (see Figure 43.3, A-C), sural nerve, kidney, testis, liver, 
and rectum (Lhote etal., 1998). Biopsies of apparently unaffected 
muscles (see Figure 43.3, A-C) may show vasculitis in 30%-50% of 
cases (Conn, 1990; Lhote et al., 1998). Kidney and liver biopsies 
are more invasive procedures, and visceral angiography should be 
performed prior to biopsy to demonstrate aneurysms, in order to 
avoid the hazard of visceral bleeding (Lhote et al. } 1998). Punch 
skin biopsies are easy to perform, but may show only nonspecific 
signs of small-vessel vasculitis (Lhote etal., 1998). 

First described by Bron et al. (1965), visceral angiography was 
only included near 30 years later as the gold standard radiologic 
procedure for the diagnosis of PAN in the ACR criteria (Lightfoot 
etal., 1990). The hallmark of PAN is angiographic visualization of 
saccular or fusiform microaneurysms (1-5 mm) in medium-sized 
renal or visceral arteries (see Figure 43.1, A and B) (Das and Pangtey, 
2006) (Colmegna and Maldonado-Cocco, 2005; Lhote etal., 1998). 
In one large series, when other diagnostic tests were negative, 
angiography confirmed the diagnosis of PAN in one-fifth of cases 
(Guillevin et al., 1992). Another hepatitis B-PAN series showed 
renal and/or celiomesenteric microaneurysms in 50% of patients 
with abdominal symptoms (Guillevin, Lhote, Cohen, et al., 
1995b). Finally, aneurysms were found in 61% (34) of 56 consec¬ 
utive PAN patients with abnormal angiographic findings (Stan- 
son etal., 2001). Aneurysm demonstration by selective abdominal 
angiography has a sensitivity of 89% and a specificity of 90% for 
the diagnosis of PAN, with a positive predictive value of 55% and 
a negative predictive value of 98% (Hekali etal., 1991). 
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Pathogenesis 

The pathologic features of PAN are fully described (Bonsib, 2001). 
The pathogenesis of classic PAN is not as well established as 
for hepatitis B virus-PAN, particularly the role of immune com¬ 
plexes. In the setting of neurological complications, Moore and 
Cupps (1983) mentioned 20 years ago that “tissue ischemia is 
the common denominator of the vasculitides” and “even after 
the acute inflammation has resolved, ischemia may be sustained 
by fibrotic narrowing of the vessel wall.” Ten years later, Moore 
(1995) and Conn (1990) postulated that endothelial cells play a 
prominent role in the vasculitic inflammatory process. First, a 
number of procoagulants and anticoagulants associated with the 
endothelium have an anticoagulant effect under normal phys¬ 
iological conditions, which balanced in favor of procoagulant 
effects (via interleukin-1 [IL-1] and TNF-a) on the endothelium 
during inflammation. Second, modulation of the vascular tone, 
which depends on the release of vasodilatators (i.e. prostacyclin; 
endothelium-derived relaxation factor, like nitric oxide, and vas- 
coconstrictors, including endothelin), is also affected by inflam¬ 
mation with impaired endothelium-dependent relaxation and 
release of endothelin, which may further lead to vasoconstriction 
and thrombosis (Conn, 1990; Moore, 1995). As demonstrated in 
Kawasaki disease (see Chapter 13), circulating thromboxane B2 
(derived from thromboxane A2) is increased, whereas prostacy¬ 
clin is decreased, resulting in vasoconstriction and platelet aggre¬ 
gation (Conn, 1990). The analogy of these processes with those 
of atherosclerosis was first recognized by Conn (1990) Endothe¬ 
lial cell dysfunction, such as impaired endothelium-dependent 
(via nitrous oxide) vasodilatation is known to have a major 
role and is the earliest measurable physiological abnormality 
in atherosclerosis; impaired endothelium-derived vasodilatation 
was shown in PAN and other vasculitides (Filer et al., 2003). The 
main issue is if direct (i.e. vasculitic process) mechanisms, indi¬ 
rect (cytokines or anti-endothelial antibodies) mechanisms, or 
both, promote endothelial cells dysfunction in PAN (and other 
vasculitides) (Colmegna and Maldonado-Cocco, 2005). A variety 
of anti-endothelial cell antibodies have been detected in ANCA- 
associated vasculitis but not in PAN (Chanseaud et al., 2003). 
Conversely, increased serum levels of TNF-a, IFN-y, IL-2, and 
more recently IL-8 (Freire et al., 2004), a potent chemoattrac¬ 
tant and activator of neutrophils, have been documented in PAN 
(Colmegna andMaldonado-Cocco, 2005). Moderated elevations of 
TNF-a and IL-1 (5 also have been detected. Increased levels of circu¬ 
lating soluble adhesions molecules (ICAM-1, VCAM-1, E-selectin) 
have been found in PAN (Coll-Vinent et al., 1997). The expres¬ 
sion of class I and the inducing of major histocompability com¬ 
plex (MHC) class II antigens that lead to antigen presentation to 
T cells are increased by TNF-a and IFN-y. Immunohistochemical 
studies from muscle and nerve biopsies showed that macrophages 
and T cells, mostly CD8+, are involved in the pathogenesis of PAN 
(Colmegna and Maldonado-Cocco, 2005). 

In hepatitis B virus-PAN, as for virus-associated vasculitis patho¬ 
genesis, two mechanisms have been incriminated (Trepo and 
Guillevin, 2001). First, virus replication might induce direct injury 


of the vessel wall, like in equine viral arteritis (Trepo and Guillevin, 
2001). Second, vascular damage might be the result of immune 
mechanisms, cellular and/or humoral, and include immune com¬ 
plex deposition and/or in situ formation (Trepo and Guillevin, 
2001). These factors lead to activation of the complement cas¬ 
cade, whose products, in turn, attract and activate neutrophils 
(Colmegna and Maldonado-Cocco, 2005). In hepatitis B (HB) 
virus-PAN, glomerular deposits of HB s, c, and e antigens (together 
with immunoglobulins and C3) have been documented, together 
with low complement levels in the serum (CH50, C3, C4) (Trepo 
and Guillevin, 2001). The most likely responsible antigen is HB 
e antigen based on ultrastructural and immunostaining find¬ 
ings. Furthermore, HB e antigen measures 19 kd and complexes 
with Ig of 300 kd size, whereas HB s antigen alone is three 
million kd large. Experimental studies showed that only com¬ 
plexes of one million kilodaltons or less could induce serum 
sickness and glomerulonephritis. Finally, all cases of hepatitis 
B virus-PAN are associated with the wild-type hepatitis B virus 
and hepatitis B virus e antigenemia and high virus replication, 
supporting the hypothesis that lesions could result from viral 
antigen-antibody complexes soluble in antigen excess, possi¬ 
bly involving hepatitis B virus e antigen (Trepo and Guillevin, 
2001). This hypothesis is challenged by recent observations of 
cases with PAN associated with precore mutation that abro¬ 
gates hepatitis B e antigen formation (Wartelle-Bladou et al., 
2001). The immunologic process inducing PAN occurs within 
6 months after hepatitis B virus infection. During active hepatitis B 
virus-PAN, serum levels of complements are low due to their con¬ 
sumption by immune complex deposition. Finally, no relationship 
between PAN and hepatitis B vaccination has been proven (Begier 
et al., 2004). 

Outcome and treatment 

Classic PAN 

In 1951, Bagenstoss et al. first reported two PAN patients treated 
with cortisone who had partial clinical improvement as well as 
complete vascular healing of all arterial lesions at autopsy, at 3 
weeks and 3 months, respectively; they also noted “however, in the 
process of healing, that fibrous obliteration of the lumina of these 
vessels occurred and resulted in infarcts particularly in the kidneys, 
heart, and intestinal tract” (Bagenstoss et al., 1951). Untreated 
patients with PAN had a 5-year survival rate of <15% (Frohnert and 
Sheps, 1967; Leib (Hal., 1979). Corticosteroids were the first applied 
treatment and increased the 5-year survival to 48-57% (Cohen 
etal., 1980; Frohnert and Sheps, 1967; Leib etal., 1979; Sackef al. } 
1975). The beneficial effects of corticosteroids are complex, act¬ 
ing both on the cell and humoral immune system, by inhibiting 
activated T and B cells, MHC class II antigen-presenting cell, leuko¬ 
cytes at inflammation sites, IFN-y, induced class II expression, by 
interfering with macrophage differentiation, cytokine expression, 
complement activation, and immunomodulating cell adhesion 
molecules (Younger, 2004). Beneficial effects were also observed 
with combined therapy with cyclophosphamide and cortico¬ 
steroids (Fauci etal., 1979; Leib etal., 1979), particularly in patients 
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with advanced PAN (Fauci et al., 1978). Conversely, one series 
found no better improvement in outcome for patients treated 
with a combination of cyclophosphamide and corticosteroids as 
compared to those receiving corticosteroids alone (Cohen et al., 
1980). 

Most outcome and treatment data for the management of PAN 
have come from trials beginning in 1980 and performed by the 
French Vasculitis Study Group. In the first trial that included 
patients withPAN and Churg-Strauss syndrome, patients were ran¬ 
domized to receive prednisone plus plasma exchange, either alone 
or in combination with daily cyclophosphamide (Guillevin et al., 
1991). The 3-year adinterim analysis (71 patients enrolled) showed 
a greater efficacy and fewer relapses in the cyclophosphamide 
group, but the cumulative 10-year survival rate showed no differ¬ 
ences regarding patients initially treated with cyclophosphamide. 
Further studies also failed to confirm a difference in survival in the 
analysis of survival curves based on the initial use of cyclophos¬ 
phamide (Guillevin, Lhote, Gayraud, et al., 1996). Although these 
trials showed the effectiveness of cyclophosphamide, questions 
were raised as to which treatment regimen might be more effective 
in patients with severe PAN and Churg-Strauss syndrome and poor 
outcome (Guillevin, Lhote, Gayraud, et al., 1996). The Five-Factors 
Score (FFS) was derived from the following items associated 
with increased mortality: serum creatinine > 1.58 mg/dL (>140 
p,mol/L), proteinuria > 1 g/day, gastrointestinal tract involvement 
(bleeding, perforation, infarction, and pancreatitis), CNS involve¬ 
ment, and cardiomyopathy. A score of 0 is given when none of 
the five factors is present, 1 when 1 factor is present, and an FFS 
of > 2 when > 2 factors are present (Guillevin, Lhote, Gayraud, 
et al., 1996). Patients with an FFS of > 2, 1, and 0 have had a 
5-year survival rate of, respectively, 54%, 75%, and 88% (i.e. good 
prognosis PAN) (Guillevin, 1999a; Guillevin, Lhote, Gayraud, et al., 
1996; Langford, 2001). In their largest trial, outcome was assessed 
by the FFS and the Birmingham Vasculitis Activity Score, and the 
entire cohort was reclassified according to the ACR, the Chapel Hill 
Consensus Conference, and their own criteria for discriminating 
PAN, hepatitis B virus-PAN, MPA, and Churg-Strauss syndrome 
(Gayraud et al., 2001). The results of this study showed that the ini¬ 
tial treatment of patients with severe PAN (FFS of > 2) should con¬ 
sist of corticosteroids together with cyclophosphamide (Gayraud 
et al., 2001). These findings were confirmed in a further prospec¬ 
tive study that showed that the combination of corticosteroids 
plus cyclophosphamide improved prognosis for patients with FFS 
> 2, and those with FFS = 0 could be initially treated with cortico¬ 
steroids alone, with cyclophosphamide being added for unrespon¬ 
sive or worsening disease (Guillevin, 1999a; Guillevin et al., 2003; 
Langford, 2001). Cyclophosphamide remains the only cytotoxic 
drug that has been evaluated in such prospective trials in PAN. 
Regarding the route of administration, pulsed cyclophosphamide 
therapy (monthly intravenous pulses) is the recommended reg¬ 
imen for PAN (Colmegna and Maldonado-Cocco, 2005; Gayraud 
etal., 1997; Guillevin, 1999a; Guillevin, Lhote, Cohen, el al., 1995a). 
The aforementioned trial also studied the duration of cyclophos¬ 
phamide pulse therapy (six over 4 months, 12 cases; 12 over 
10 months, six cases) in 18 PAN patients with FFS > 1, and found a 


3-year event-free survival rate of 80% (12 cyclophosphamide 
pulses group) versus 71% (six cyclophosphamide pulses group) 
(Guillevin et al., 2003). The authors concluded that treating PAN 
patients with factors of poor prognosis with 12 rather than 6 
cyclophosphamide pulses in combination with corticosteroids for 
12 months signihcantly lowered the relapse rate and increased the 
probability of a good outcome (Guillevin etal., 2003). 

Whether this regimen requires subsequent maintenance ther¬ 
apy needs further study. As regards TNF-a blockers, to date, only 
two case reports of patients with childhood PAN that was suc¬ 
cessfully treated with infliximab have been published (Brik et al., 
2007; Keystone, 2004). In one of them (aged 20 months), present¬ 
ing with CNS involvement (bilateral thalamic infarcts), the dis¬ 
ease was resistant to standard intravenous corticosteroids and 
pulsed cyclophosphamide therapy, and marked clinical and neu- 
roradiological improvement was observed after infliximab treat¬ 
ment over 10 months (Brik et al., 2007). However, anti-TNF -a anti¬ 
body use should be restricted to patients with vasculitis refractory 
to corticosteroids and immunosuppressants who have relapsed 
(Guillevin and Mouthon, 2004). 

Hepatitis B virus-related PAN 

Whereas the clinical course of hepatitis B virus-PAN, occurring 
within 6 months after primary infection, is similar to those of 
classic PAN, the reported mortality rate is higher in the former 
(30%) than in the latter (15%) if the appropriate treatment is 
not promptly prescribed (Guillevin et al., 2005; Guillevin, Lhote, 
Cohen, etal., 1995b; Guillevin, Lhote, Gayreaud, etal., 1996; Oyoo 
and Espinoza, 2005; Trepo and Guillevin, 2001). In the analysis 
of the largest French Vasculitis Study group cohort (595 patients), 
the first-year survival rate was 82% for hepatitis B virus-PAN, com¬ 
pared to 91% for classic PAN (Bourgarit etal., 2005). Factors associ¬ 
ated with unfavorable outcome were severe gastrointestinal (50% 
vs. 27%) and renal involvements (36% vs. 27%). In the hepatitis 
B virus group, a trend toward better 1-year survival was observed 
in patients treated with antiviral agents compared to those who 
were not (86% vs. 74%) (Bourgarit et al., 2005). Guillevin and col¬ 
leagues, based on the efficacy of antiviral agents in chronic hepati¬ 
tis, and plasma exchange in immune complex-mediated diseases, 
combine both therapies to treat hepatitis B virus-PAN (Guillevin, 
2004; Guillevin et al., 2007; Oyoo and Espinoza, 2005; Trepo and 
Guillevin, 2001). The rationale for this combination therapy was 
to obtain the following effects: (i) initial corticosteroids to con¬ 
trol immediately the most severe life-threatening manifestations 
of PAN (first weeks); (ii) their abrupt stop to enhance immuno¬ 
logical clearance of hepatitis B virus-infected hepatocytes and 
favor hepatitis B e antigen to anti-hepatitis B virus e antibody 
seroconversion; and (iii) plasma exchange combination to con¬ 
trol the course of hepatitis B virus-PAN and clear immune com¬ 
plexes (Guillevin, 2004; Guillevin etal., 2007; Trepo and Guillevin, 
2001 ). 

The first results of this combined therapy in patients with hep¬ 
atitis B virus-PAN were published in 1988 (Guillevin, Merrouche, 
Gayraud, etal., 1988). In a further prospective trial in 33 patients, 
using vidarabine as an antiviral agent, complete clinical recovery 
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was achieved in three-quarters of cases, hepatitis B antigen to anti¬ 
hepatitis B e antibody seroconversion was obtained in about half 
of cases, whereas hepatitis B virus s to anti-hepatitis B s antigen 
to anti-hepatitis B s antibody seroconversion was observed only 
in 18% of cases (Guillevin et al., 1993). This latter low serocon¬ 
version rate was attributed to the limited efficacy of vidarabine 
(Guillevin, 2004; Guillevin etal., 1993). Other antiviral agents like 
IFN-a (Guillevin et al., 1994), lamudivine (Guillevin et al., 2004), 
and more recently adefovir (adefovir dipivoxil, 10 mg/day) (Farrell 
and Teoh, 2006; Guillevin et al., 2007; Pagnoux et al., 2006), give 
better results and should be preferred to vidarabine (Guillevin, 
2004; Guillevin et al. } 2007). Adefovir has shown to be as effec¬ 
tive and well-tolerated as lamudivine in the treatment of chronic 
hepatitis B, and can be effective against lamudivine-resistant virus 
strains, along or in combination with other new antiviral agents 
(entecavir, emtricitabine, clevudine); these drugs need further tri¬ 
als for the treatment of hepatitis B virus-PAN (Pagnoux etal., 2006). 
The prescribed IFN-a dose is three million units, injected subcu¬ 
taneously three times a week, for 4-6 months; if no seroconver¬ 
sion occurs, the dose can be increased to six million units (three 
times/week) (Guillevin, 2004; Pagnouxef al., 2006). The prescribed 
dose of lamudivine is 100 mg/day, as for IFN-a, after a few days of 
corticosteroids, in combination with plasma exchange; in the case 
of seroconversion failure after 6 months, a combination with IFN-a 
or with newer antiviral agents should be proposed (Guillevin, 2004; 
Pagnoux et al., 2006). The optimal schedule of plasma exchange 
is as follows: four sessions per week for 3 weeks, then three ses¬ 
sions per week for 2-3 weeks, followed by a tapering of frequency 
of sessions. One plasma volume (60 ml/kg) is usually exchanged 
using 4% albumin fluid (Guillevin, 2004; Guillevin et al., 2007; 
Pagnoux et al., 2006). With adequate therapy, the 7-year survival 
rate has improved to 83%, and relapses have been rare (Guillevin 
etal., 2007). 

As regards childhood vasculitis, hepatitis B virus-PAN and clas¬ 
sic PAN are considered as completely separate entities (Ozen etal., 
2006). 

Neurological complications 

Neurological symptoms and signs are a major and common fea¬ 
ture of PAN, occurring in nearly three-quarters of patients (Brown 
and Swash, 1989). The most frequent neurological complica¬ 
tion and often inaugural manifestation of PAN is peripheral ner¬ 
vous system involvement, found in 50%-75% of cases (Bonsib, 
2001; Brown and Swash, 1989; Cohen et al., 1980; Cohen et al., 
1993; Colmegna and Maldonado-Cocco, 2005; Conn, 1990; Ford 
and Siekert, 1965; Guillevin et al., 1997a; Lhote et al., 1998; 
Moore and Cupps, 1983; Younger, 2004). The most common types 
of peripheral nervous system complications comprise polyneu¬ 
ropathy, mononeuritis, mononeuritis multiplex, and cutaneous 
sensory neuropathy, found in 50%-60% of cases (Moore and 
Cupps, 1983). Mononeuritis multiplex is the most frequent man¬ 
ifestation of PAN, found in 70% of cases in a large series of 
182 PAN patients (Guillevin et al., 1992), and more recently in 
83.5% of 115 patients with hepatitis B virus-PAN (Guillevin et al., 
2005). Mononeuritis multiplex induces severe asymmetric distal 


Table 43.4 Neurological manifestations of PAN 

Neurological manifestations 

% frequency 

Peripheral neuropathy 

67 

Headache 

30 

Retinopathy 

29 

Diffuse encephalopathy 

16 

Focal stroke or cerebral deficit 

14 

Cranial neuropathy 

9 

Seizure 

7 

Inflammatory myopathy 

6 

Retinal artery occlusion 

3 

Subarachnoid hemorrhage 

<1 


Source: Brown and Swash, 1989. 


weakness and sensory loss due to sequential infarction of mul¬ 
tiple individual peripheral nerves; the most vulnerable sites are 
the midthigh and midarm, which therefore predominantly affect 
the peroneal and tibial branches of the sciatic nerve, and less fre¬ 
quently the median and cubital nerves (Lhote et al., 1998; Moore 
and Cupps, 1983). Peripheral neuropathy is typically mononeu¬ 
ropathy multiplex, but symmetric distal bilateral neuropathy may 
occur (Lhote et al., 1998). The CSF analysis is usually normal (Lhote 
et al., 1998). Less frequently, radiculopathy and plexopathy occur 
(Brown and Swash, 1989; Moore and Cupps, 1983). Cranial neu¬ 
ropathy, involving the II, III, IV, VI, VII, and VIII cranial nerves have 
been reported in 2%-9% of cases (Brown and Swash, 1989; Lhote 
etal., 1998; Moore and Cupps, 1983). 

CNS involvement, although reputed to be rare, occurred in 20%- 
40% of patients with PAN and developed 2-3 years after the initial 
diagnosis was made (Chin and Latov, 2005; Guillevin etal., 1997a; 
Moore and Cupps, 1983). Two subgroups of CNS complications 
have been recognized: (i) a diffuse encephalopathy pattern with 
cognitive and behavioral abnormalities, stupor, and seizures (see 
case history, Patient 5, Lausanne, 2000), and (ii) a focal pattern that 
includes ischemic stroke of the cerebral hemisphere, cerebellum, 
brainstem, and spinal cord, intracranial or subarachnoid hemor¬ 
rhage, and meningeal irritation (Brown and Swash, 1989; Guillevin 
etal., 1997a; Moore and Cupps, 1983). Table 43.4 summarizes the 
frequency of neurological manifestations of PAN, according to a 
review of 215 patients (Brown and Swash, 1989). 

PAN-associated strokes 

Stroke occurs in 11%-14% of PAN patients (Brown and Swash, 
1989). We found that stroke often occurs earlier than previously 
reported (i.e. within 8 months after the disease onset) (Reichhart 
et al., 2000). In a recent series of 36 patients with PAN, stroke was 
the first clinical indication attributable to vasculitis in one patient 
(3%), with a median time to diagnosis of 6.6 months (Agard et al., 
2003). An ischemic stroke in the territory of the anterior choroidal 
artery was inaugural and revealed the diagnosis of PAN in an 81- 
year-old patient (Marignier etal., 2002). 
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The mechanisms, i.e. corticosteroid- or hypertension-induced 
atherosclerosis versus arteritic occlusions, and patterns of PAN- 
associated strokes are less well known (Cohen ef al, 1980; Conn, 
1990; Moore, 1995; Moore and Cupps, 1983; Moore and Fauci, 
1981). 

In 1965, Ford and Siekert described ischemic and hemorrhagic 
strokes as late CNS manifestations in 19% of patients (total 114 
patients) with PAN. Among 14 patients with cerebral hemispheric 
infarcts, pure ischemic, ischemic and hemorrhagic, and pure 
hemorrhagic strokes occurred in near on-third of patients each, 
respectively. Five patients showed multiple deep small ischemic or 
petechial hemorrhagic infarcts involving the basal ganglia, inter¬ 
nal capsule, or the thalamus. Clinical evidence (one necropsy) for 
brainstem strokes was found in seven patients. 

A more recent series of 53 patients with PAN found cere¬ 
brovascular disease as the cause of death in five patients, with a 
mean latency after the onset of the vasculitis of 2 years (Cohen 
et al., 1980). Because all strokes occurred while the vasculitis 
was controlled by immunosupressive therapy (corticosteroids 
with/without cyclophosphamide or azathioprine), it was hypoth¬ 
esized that atherosclerosis-like mechanisms (promoted by long¬ 
term use of corticosteroids) were the cause of arterial occlusion 
in PAN. Another series described five PAN patients with clinical 
evidence of focal deficits occurring at either the cerebral, brain¬ 
stem, or cerebellum level (CT abnormalities in only three patients) 
(Moore and Fauci, 1981). Again, all strokes occurred on cortico¬ 
steroid therapy (with a mean latency of 2 years). Three 
patients had hypertension. Thus, it was suggested that vascu¬ 
lar scarring was responsible for those late CNS complications 
of PAN. 

To study the relationship between PAN-associated strokes and 
the use of corticosteroids, and trying to delineate a specific stroke 
syndrome in PAN, we analyzed the reported data of 11 patients 
with PAN and stroke (de la Fuente Fernandez and Grana Gil, 1994; 
Harleefa/., 1991;Hirohataefa/., 1993; Iaconettaeta/., 1994;Kasan- 
tikul et al., 1991; Koppensteiner etal., 1989; Long and Dolin, 1994; 
Mayo etal., 1986; Squire etal., 1993; Stahl et al., 1995; Wildhagen 
et al., 1989), together with four similar patients from Lausanne 
University Hospital (Neurology Department, 1982-98) (Reichhart 
etal., 2000). The details of the source, patient age and sex, clinical 
and neuroradiological features, latencies (between the onset 
of PAN and the cerebrovascular insult), and current immuno¬ 
suppressive therapy at onset - i.e. methylprednisolone, corti¬ 
costeroids, prednisone, prednisolone, with/without cyclophos¬ 
phamide or azathioprine, for the 15 PAN-associated strokes are 
listed in Table 43.5. Since then, two additional patients with PAN 
were admitted in our department (Patient 5,2000; Patient 6,2004). 
Overall, from 1982 to 2007, six patients with PAN (ACR criteria, 
Table 43.1), including one with MPA (Patient 3, Lausanne) were 
admitted, confirming the rarity of PAN-associated strokes (450 
stroke admissions per year). 

Patient 5, 2000 (Lausanne) 

A 53-year-old man was admitted with confirmed PAN (see vis¬ 
ceral angiography, Figure 43.1). He developed oscillopsia and audi¬ 


tory loss, but examination showed a right internuclear ophthal¬ 
moplegia, bilateral corticospinal signs, and signs of bilateral VIII 
cranial nerve palsies and livedo reticularis 2.5 months after corti¬ 
costeroid therapy (prednisolone 1 mg/kg/day). Electroneuromyo¬ 
graphy confirmed a sensorimotor polyneuropathy. The first MRI 
showed signs of pontine leukoaraiosis (Figure 43.5A). Positive anti- 
cardiolipin antibodies (IgM, 107.2 U/mL, IgG 10.9 U/mL, N < 10), 
repeated 2 months later (IgM, 43.5 U/mL), were found. A few days 
later, he developed an acute encephalopathy with delirium, visual 
hallucinations, and neurobehavioral and cognitive abnormali¬ 
ties. Electroencephalogram confirmed a diffuse encephalopathy 
pattern (tetha-delta waves diffuse slowing) whereas CSF analysis 
showed aseptic inflammation (15 WBC/mL; protein 1180 mg/L). 
Repeated MRI showed multiple abnormal fluid-attenuated inver¬ 
sion recovery (FLAIR) signals (see Figure 43.5B). Pulsed methyl¬ 
prednisolone and cyclophosphamide were initiated, together with 
aspirin (100 mg/day). At 1 year follow-up, a marked neuropsychol¬ 
ogy and neurological improvement was noted. 

Patient 6, 2004 (Lausanne) 

This 59-year-old woman was known to have PAN, confirmed by 
muscle biopsy (Figure 43.3, A-C) with mononeuritis multiplex, 
treated 2 years ago with corticosteroids (prednisone, 50 mg/day) 
and pulsed cyclophosphamide therapy (14, 1 per month), with¬ 
out treatment for 6 months. She was admitted for a sudden right¬ 
sided ataxic, hypesthetic hemiparesis with dysarthria, without 
oculomotor abnormalities. An MRI (Figure 43.6A) confirmed a left 
paramedian lacunar stroke, without stenosis of the basilar artery 
on magnetic resonance angiography (Figure 43.6B). The clinical 
course gradually improved, and the patient returned home 6 days 
later, on ASA 300 mg/d. At 3-year follow-up, no stroke recurrence 
occurred. 

The present study of 15 PAN-associated strokes (Table 43.5) 
shows similar population characteristics as a previously published 
series (male-to-female ratio, 1.5:1; mean age, 49 years). Lacunar 
syndromes seem to be the specific and most frequent (73%, 11 /15) 
stroke pattern associated with PAN. More than half of them (55%, 
6 /11) developed either pure (four patients) / sensory (one patient) 
- motor strokes or ataxic hemiparesis (one patient), which corre¬ 
lated with typical small deep infarcts (internal capsule, lenticulate 
and caudate nucleus, centrum semi-ovale or corona radiata). Pon¬ 
tine lacunes (together with asymptomatic small deep infarcts in 
one case) were found in three patients (27%, 3 /11), and the remain¬ 
ing patients had leukoaraiosis (18%, 2/11). This distribution of 
lacunes is similar to that described by Fisher (1965) and confirms 
a predominantly small- and medium-sized artery involvement in 
PAN, inducing multiple, small penetrating artery occlusions at the 
subcortical or pontine level. 

This preponderance of lacunar stroke may be partially explained 
by PAN-associated hypertension, seenin40% (Lhoteeffl/., 1998) to 
more than half of the patients (Moore and Cupps, 1983). The short- 
time interval between disease onset and subsequent cerebrovas¬ 
cular complications in the present series allows hypertension to 
be considered only as a risk-factor for stroke in PAN, rather than 
the main etiology. In fact, stroke developed within 14 months in 
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fable 43.5 Clinical and neuroradiological features, latencies (disease-onset to stroke), and current corticosteroid (CS) therapy at stroke onset 


(latencies between stroke and corticosteroid initiation) for the 15 PAN-associated strokes 


Age 



Latencies 

CS 

No., source 

Y/Sex Clinical features 

CT 

MRI 

(Months) 

(Latencies) 

1, Reichhart 

49/F Bit blindness 

Bit temporo-occipital 

Not available 

2 1/2 

P (2 months) 

etal., 2000 


infarcts 




2, Reichhart 

44/M Rhemiparesis 


Bit centrum semiovale 

2 

P (3 days) 

etal., 2000 



lacurae 



3, Reichhart 

55/F L sensorimotor syndrome 


R capsular lacune 

2 

MP (8 

etal., 2000 





hours) 

4, Reichhart 

67/M Wernicke’s aphasia, R 

L temporo-parietal 

R caudate petechial 

1 

None 

etal., 2000 

hemianopia 

hematoma 

Infarct 



5, Mayo etal., 

68/M Parkinsonian syndrome 

L striatum lacune 


3 weeks 

None 

1986 

R hemiparesis 

( 


L capsular lacune 

11 days 

MP, P + CY 
(11 days) 

6, Wildhagen 

55/M R ataxic hemiparesis 


Bit centrum semiovale 

12 

CS + AZA (6 

etal., 1989 



lacunes 


months) 

7, Koppensteiner 

35/M Seizures, R hemiparesis 


Multiple white matter 

5 

None 

etal., 1989 



T2-weighted signals 



8, Kasantikul 

35/F L hemiparesis, pseudo 


R pontine lacune 

Inaugural 

None 

etal., 1991 

bulbar syndrome 





9, Harle etal., 

64/M Dementia, incontinence 

Leukoaraiosis 

Multiple white matter 

13 

MP + CY (13 

1991 

Pyramidal tract signs 


T2-weighted signals 


months) 

10, Iaconetta 

38/F Dysarthria, L hemiparesis 

R temporo-parietal 


1 

Unknown 

etal., 1994 


hematoma 




11, Squire 

43/M Dysarthria, L hemiparesis 

R basal ganglia lacune 


14 

None 

etal., 1993 

Hemiparesis 

New R basal ganglia lacune 


3 weeks 

P + CY 


deterioration 



later 



Hemiparesis 

R temporo-parietal infarct 


5 days later 

P + CY (5 


deterioration 




days) 

12, Hirohata 

26/M L sensorimotor syndrome 


Pontine lacune 

32 months 

Prednisolone 

etal., 1993 





32 months 

13, Long and 

23/F Bilateral blindness 


Bit parieto-occipital 

2 months 

P (10 days) 

Dolin, 1994 



infarcts 



14, de la Fuente 

58/F LINO, L III, and R 


T2-WI hypersignals in L 

8 months 

P (6 months) 

Fernandez and 

peripheral VII nerve 


pontomesesencephalic 



Grana Gil, 1994 

palsies 


and R lower pontine 
Multiple old lacunes 
(pons, basal ganglia, 
thalamus) 



15, Stahl etal., 

70/M R crural paresis 

L caudate lacune 


1 month 

None 

1995 






Notes: L = left; R = 

right; Bit = bilateral; P = prednisone; MP = methylprednisolone; CY = 

cyclophosphamide; AZA = 

azathioprine. 
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Figure 43.5 MRI of Patient 5, Lausanne, 2000. Leukoaraiosis of the pons is 
seen on T2-weighted images (A). Multiple abnormal signals of both 
hemispheres are seen on FLAIR (B). 




Figure 43.6 MRI of Patient 6, Lausanne, 2004. A left pontine lacunar infarct is 
seen on FLAIR (A). Basilar artery is normal (MRA, B). 


all but one patient (mean latency, 6.5 months; range, 3 weeks to 
32 months), within 8 months in 73% of patients (11/15), and was 
either inaugural or occurred within 1 month after the onset of 
PAN in one-third of patients (33%, 5/15). The earlier initiation 
and universal use of corticosteroid treatment in the recent cases 
of vasculitis probably explain the discrepancy between the previ¬ 
ously late stroke occurrence (2-3 years) and the shorter latencies 
found in the present study. A close relationship between the use 
of corticosteroids and stroke exists in PAN. All strokes in the afore¬ 
mentioned series occurred while patients received adequate cor¬ 
ticosteroid treatment. In the present study, most of the 77% of all 
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first-time or recurrent ischemic strokes that developed despite cor¬ 
ticosteroid therapy appeared within 6 months (80%) and 3 weeks 
(50%) of starting corticosteroid treatment (accompanied by other 
immunosuppressive therapy in only three patients). Although cor¬ 
ticosteroids alone failed to prevent stroke (or recurrent stroke, see 
Patients 5 and 11) in PAN (concomitant immunosuppressive treat¬ 
ment being not yet active), the promoting effect of corticosteroids 
in the mechanisms of arterial occlusion seems to be confirmed in 
the present study. In fact, two of our patients (Patients 2 and 3) 
developed lacunar strokes within 8 hours and 3 days after cortico¬ 
steroid therapy initiation, respectively, whereas two other patients 
(Patients 5 and 11) showed recurrent (two consecutive in Patient 
11) new lacunes within 11 days and 3 weeks after the beginning of 
corticosteroid therapy. 

Corticosteroids act on the primary inflammatory stage of PAN, 
without preventing the occurrence of later arteritic changes (inti- 
mal proliferation, granulation, and scarring) (Conn, 1990). Patho¬ 
logical studies of systemic arteries in two patients with PAN 
treated with corticosteroids showed no signs of active inflamma¬ 
tion but multiple arterial occlusions (predominantly intimal fibro¬ 
sis), within 3 weeks and 3 months, respectively, after initiation of 
cortisone acetate (Bagenstoss etal., 1951). However, cerebral his¬ 
tological studies were normal, except in one patient (atheroma¬ 
tous small MCA aneurysm, medullar small infarct). In our study, 
four patients (one-fourth) with PAN and stroke were studied at 
autopsy. In one patient (Patient 8; inaugural pontine infarct) who 
died despite short-term corticosteroid therapy, although histolog¬ 
ical studies showed signs of necrotizing vasculitis of the medium- 
and small-sized arteries of the leptomeninges, there was only 
thrombosis of small pontine penetrating arteries. Among the three 
remaining patients who died despite a minimal 3-month cortico¬ 
steroid therapy, no signs of active vasculitis were found. Cerebral 
histological studies of our Patient 1 performed 3 months after cor¬ 
ticosteroid initiation showed arterial wall fibrosis of deep white 
matter arterioles (Figure 43.4; Reichhart etal., 2000). 

While corticosteroids should equally decrease production of 
both prostacyclin (vasodilator, platelet aggregation inhibitor) and 
thromboxane by inhibiting phospholipase A2 (Oates etal., 1988a, 
1988b), in vitro studies showed that the generation of prostacyclin 
was more depressed at pharmacological doses (Conn, 1990). Fur¬ 
thermore, thromboxane synthesis in platelets is corticosteroid- 
resistant due to the inability of platelets to induce lipocortin 
(phospholipase A2 inhibitor) because they are anucleated. Throm¬ 
boxane may be increased in PAN (as in Kawasaki disease; see 
Chapter 13). Finally, one study showed cerebral medium-sized 
artery platelet fragment deposition in PAN by immunochem- 
istry analysis (Ellison et al., 1993). Penetrating medium-/small¬ 
sized arterial occlusions in PAN, producing deep small or pontine 
lacunar infarcts, are related to atherosclerosis-like mechanisms, 
which in turn may be promoted by both hypertension and cor¬ 
ticosteroids, the latter promotting uncontrolled (thromboxane- 
mediated) platelet aggregation with further thrombus forma¬ 
tion. From a therapeutic point of view, antiplatelet drugs, which 
also inhibit platelet thromboxane production, might reduce the 
risk of corticosteroid-induced arterial occlusion in PAN. The 
use of aspirin and corticosteroids prospectively prevented stroke 


recurrence in four patients in the present study (Patients 3 and 
14, Table 43.5; Patients 5 and 6). The promoting effect of cortico¬ 
steroids on lacunar strokes in PAN is confirmed by the case histo¬ 
ries of Patients 5 and 6, Lausanne. 

Hemorrhagic strokes are unusual in PAN (20% of all patients). 
All patients with pure lobar hematoma (two cases) had no signs of 
microaneurysm on MRI/angiography. Because both hematomas 
involved the temporoparietal lobes, they could not be related to 
PAN-induced hypertension, but rather to rupture of the internal 
elastic lamina in the arterial wall (Bagenstoss etal., 1951). The two 
other patterns of hemorrhagic strokes in PAN - i.e. hemorrhagic 
transformation of an ischemic infarct, and tiny petechial hemor¬ 
rhage^) (Ford and Siekert, 1965) - were found in only one case 
each. An extensive brain hemorrhage without aneurysm on con¬ 
ventional angiography in a child with PAN and Epstein-Barr virus 
infection has been reported (Caldeira et al., 2007). Brain hemor¬ 
rhages (Bouvard etal., 2007; Oran etal., 1999) and subarachnoidal 
hemorrhage (Rumboldt et al., 2003) related to ruptured intracra¬ 
nial aneurysms in PAN have been reported. 

Although echocardiographic studies were performed in only 
one-third of patients with PAN-associated ischemic strokes in this 
study, half of them showed signs consistent with a cardioembolic 
origin, which is similar to the frequency of cardiac involvement 
inPAN (40%) (Guillevin ef al., 1997a; Lhote etal., 1998). However, 
only one patient had a large ischemic (bilateral parieto-occipital) 
stroke of cardioembolic origin (Patient 13), the only patient with 
an identified left intra-atrial thrombus had a lacunar stroke syn¬ 
drome (Patient 15). 

Livedo reticularis, common in PAN (Lhote et al., 1998), was 
observed in near one-fourth of patients with PAN and stroke, but 
was only weakly correlated with positive anti-cardiolipin anti¬ 
bodies (one-fourth of patients with livedo reticularis). Among 
one-third of cases tested, 20% of patients with stroke had anti- 
cardiolipin antibodies. We found positive anti-cardiolipin anti¬ 
bodies in Patient 5. Multiple and recurrent strokes in patients with 
PAN and anti-phospholipid antibodies have been reported (Han 
etal., 2004; Morelli etal., 1998). 

The role of anti-endothelial cell antibodies (not tested in any 
patients in this study), which have been reported in 28% of patients 
with active PAN without stroke and in 35% of patients with Sned¬ 
don’s syndrome (strokes, anti-phospholipid antibodies, and livedo 
reticularis; see Chapter 56) (Frances et al., 1995), requires further 
evaluation. 
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CHURG-SIRAUSS SYNDROME 

Many Mehdiratta and Louis R. Caplan 


The Churg-Strauss syndrome (CSS) is a type of small-vessel vas¬ 
culitis that was originally described more than a half century ago 
(Churg and Strauss, 1951). The capillaries, arterioles, and venules 
are preferentially involved. In some patients, the larger vessels 
can be affected, but this is unusual. This condition tends to affect 
middle-age individuals and has a slight propensity for men. The 
incidence of CSS is approximately 1-3 per million, although among 
individuals with asthma, the incidence has been estimated to be 
as high as 6-7 per million. CSS represents only 20% of patients 
with the systemic necrotizing vasculitis of the polyarteritis nodosa 
group, making it relatively uncommon in comparison to the other 
vasculitides (Keogh and Specks, 2006). 

Most patients have had asthma for years before developing sys¬ 
temic or neurological signs of CSS. In one series of 91 patients 
with CSS, the median time between the onset of asthma and other 
signs was 4 years (Keogh and Specks, 2003) In 13 patients, asthma 
and systemic signs occurred together, and in two patients sys¬ 
temic signs preceded the asthma (Keogh and Specks, 2003). The 
clinical findings are usually dominated by asthma and pulmonary 
disease. Livedo reticularis occured in some patients (7/112, 62%) 
in one large series (Sable-Fourtassou etal., 2005). 

Pathologically, CSS consists of three classical features: necrotiz¬ 
ing vasculitis, eosinophilic inflammation, and extravascular gran¬ 
ulomas (Churg and Strauss, 1951). The triggering events and cause 
of CSS remain unclear. Some postulated mechanisms relate to 
antigen exposure (drugs, inhaled antigent, vaccines) resulting in 
activation of T lymphocytes, eosinophils, and neutrophils with 
resultant tissue injury. 

In most patients with CSS there are associated anti-neutrophil 
cytoplasmic antibodies (ANCA) present which also have been 
shown to be pro-inflammatory (Keogh and Specks, 2006). French 
and Italian studies found that the clinical characteristics of 
patients with CSS differed according to their ANCA status (Sable- 
Fourtassou et al, 2005; Pagnoux et al., 2007). Cardiomyopathy 
predominated in ANCA-negative patients, whereas necrotizing 
glomerulonephritis, peripheral neuropathy, and biopsy-proven 
vasculitis were more oftenfoundinANCA-positive patients (Sable- 
Fourtassou et al., 2005; Pagnoux et al., 2007). Recently, patients 
treated with leukotriene antagonists for asthma have been found 
to have a higher likelihood of developing CSS. A possible mecha¬ 
nism does exist as leukotriene antagonists were developed to act 
on leukotriene receptors in the lung, but these receptors also exist 
outside the lung in the vasculature. This mechanism continues to 
be investigated, and now it is not clear if there is a direct cause- 
and-effect relationship (Keogh and Specks, 2006). 


Patients with CSS usually have a high level of eosinophils in 
their peripheral blood. The pathogenetic effects of eosinophils are 
linked to the release of their cytotoxic enzymes, which can result 
in tissue injury (Dorfman et al., 1983; Durack et al., 1979; Fauci, 
1982; Pagnoux et al., 2007). Patients with CSS have high levels of 
eosinophilic toxic enzymes in their sera, urine, and bronchoalve- 
olar lavage fluid (Pagnoux etal., 2007; Peen etal., 2000). (See also 
the discussion in Hypereosinophilic syndrome in Chapter 70.) 

Like microscopic polyangiitis, the ANCA in CSS is associated 
with a perinuclear staining pattern (p-ANCA) on neutrophils. Up 
to 75% of patients with active CSS have associatedp-ANCApresent 
(Keogh and Specks, 2003). The presence of ANCA is associated 
with a “vasculitic” clinical picture, with central nervous system 
(CNS) involvement occurring much more often in those patients 
who are ANCA positive than in those who are ANCA negative. In 
patients who are ANCA positive, it is also more common to see 
evidence of mononeuritis multiplex, glomerulonephritis, alveolar 
hemorrhages, and purpuric lesions. ANCA-negative patients have 
been found to have a more “nonvasculitic” clinical presentation, 
with features such as eosinophilic myocarditis (Keogh and Specks, 
2003). 

There are different clinical and histopathological criteria for 
the diagnosis of CSS. The clinical criteria of Lanham et al. (1984) 
for the diagnosis of CSS is a triad consisting of asthma, peak 
eosinophilia > 1.5 x 10 9 /L, and systemic vasculitis involving two 
or more extrapulmonary organs. The most commonly effected 
extrapulmonary organs in CSS vasculitis are the gastrointestinal 
tract, skin, and heart. The skin lesions can take the form of 
purpura or nodules (which are found in up to two-thirds of 
patients). Cardiac involvement can manifest as congestive heart 
failure or pericardial effusions. The gastrointestinal involvement 
consists of diarrhea or abdominal pain, with bleeding present 
in some patients. According to Lanham and colleagues there are 
three clinical phases in CSS: (1) the prodromal phase consisting 
of asthma and, in some patients, allergic rhinitis and polyposis; 
(2) the second phase consisting of eosinophilia in the blood and 
possibly even eosinophilic tissue infiltration; and (3) the third 
(and most serious) phase consisting of a systemic vasculitis. 
However, the different phases do not always occur in order, and 
this makes the diagnosis more difficult, often leading to a delay 
in treatment (Chumbley etal., 1977; Keogh and Specks, 2003). 

In order to effectively diagnose patients with CSS, the American 
College of Rheumatology developed clinical and histopathologic 
criteria for the diagnosis of CSS. Using these 1990 criteria, it is 
determined that a patient with vasculitis has CSS with a sensitivity 
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of 85% and a specificity of 99.7% if at least four of the follow¬ 
ing six criteria are met: asthma, eosinophilia (>10% of white 
blood cells [WBCD, mononeuropathy or polyneuropathy (includ¬ 
ing mononeuropathy multiplex), nonhxed pulmonary infiltrates, 
paranasal sinus abnormality, or a biopsy containing a blood vessel 
with eosinophils seen extravascularly (Masi etal., 1990). 

Cerebrovascular complications of CSS 

Neurological involvement in CSS is relatively common with up 
to 76% of patients having evidence of a peripheral neuropathy, 
usually presenting as a mononeuritis multiplex. The CNS is much 
less often involved, but there is a higher prevalence of morbidity 
and mortality if CNS involvement is present (Keogh and Specks, 
2006). In one series, among 91 patients, 69 (76%) had peripheral 
neuropathies, whereas only 10 (11%) had CNS involvement (Keogh 
and Specks, 2003). Among 112 patients with CSS in another series, 
81 (72%) had peripheral nervous system signs, whereas 10 (9%) 
had CNS abnormalities (Sable-Fourtassou etal., 2005). 

Because many of the infarcts are small but widely disseminated, 
patients mostly present with confusion, decreased alertness, and 
diminished cognitive function. A rather diffuse encephalopathy is 
the typical finding. Occlusions of dural sinus and cerebral veins 
(Teresa Sartori et al., 2006) and of arteries supplying the eye 
(Hoffman etal., 2005; Udono etal., 2003) indicate that a prothrom- 
botic state develops in some patients with CSS. Thrombosis of sys¬ 
temic veins and arteries has also been reported (Ames etal., 1996; 
Garcia etal., 2005). 

CSS brain infarcts 

Large brain infarcts related to CSS are rare. In a case series by Sehgal 
etal. (1995), brain infarcts were seen in 3 of 47 patients with CSS. 
The three infarcts in this case series occurred in different vascular 
territories, in patients of both sexes, and in a range of ages. The first 
patient was a 62-year-old woman who had a left middle cerebral 
artery (MCA) infarct. The second patient was a 34-year-old man 
with a right MCA infarction related to a left ventricular thrombus 
in the presence of CSS. The third patient was a 62-year-old woman 
with a thalamic infarct. In all three patients, the diagnosis of CSS 
had been made at the time of the brain infarct. The time delay 
between the diagnosis of CSS and brain infarction ranged from 
2 to 15 years (Sehgal etal., 1995). 

There are few other case reports of CSS presenting with focal 
neurological deficits related to brain infarction. Tsuda etal. (2005) 
reported a patient with CSS who presented with a third nerve 
palsy and midbrain infarction. Their patient was a 30-year-old 
man with a 20-year history of asthma. He developed horizontal 
diplopia and was found to have a partial left third nerve palsy and 
bilateral sural nerve hyperesthesia. MRI showed a midbrain infarc¬ 
tion in the vascular territory supplied by the left superior median 
mesencephalic branch of the posterior cerebral artery. Complete 
blood count revealed a WBC count of 31900/mm 3 with 66% 
eosinophils. Serum p-ANCA testing was positive. The patient was 
treated with pulsed methylprednisolone 1000 mg/day for 3 days 
followed by prednisolone 80 mg/ day for 14 days with improvement 


in symptoms. He was continued on prednisolone 15 mg/day and 
remained asymptomatic with no change in MRI (Tsuda et al., 
2005). 

CSS-related hemorrhage 

There have been several reports of CSS presenting with intracere¬ 
bral hemorrhage. The mechanism has been thought to be related 
to uncontrolled hypertension in the setting of CSS (Liou et al., 
1997). However, there have also been reports in patients with CSS 
who do not have uncontrolled hypertension, suggesting a possi¬ 
ble mechanism secondary to the underlying angiitis (Nishino etal., 
1999). In addition to intraparenchymal hemorrhage, there has also 
been a report of subarachnoid and intraventricular hemorrhage 
from a necrotizing vasculitis of the choroid plexus in CSS (Chang 
etal., 1993). 

Treatment of CSS 

Glucocorticoids remain the mainstay of therapy in CSS. Initial ther¬ 
apy with prednisone is usually pulsed (15 mg/kg over 60 minutes 
repeated at 24-hour intervals for 1-3 days) followed by prednisone 
1 mg/kg per day (Guillevin etal., 1996). 

Treatment must be optimized for each individual patient, and in 
some patients other immunosuppressant medications are added 
to the steroid regimen. Keogh and Specks (2006) recommended 
that cyclophosphamide be considered if the CSS is severe, as evi¬ 
denced by cardiac, renal, or nervous system involvement (cen¬ 
tral or peripheral). The side effects of cyclophosphamide include 
hemorrhagic cystitis, bladder fibrosis, bone marrow suppression, 
ovarian failure, and neoplasms (bladder cancer and hematologic 
malignancies). Alternatively, methotrexate can be used in patients 
without life-threatening illness to induce remission. Methotrex¬ 
ate can also be used after cyclophosphamide therapy to maintain 
remission. Newer options for immunosuppression include aza- 
thioprine and mycophenolate-mofetil. 

Prognosis 

Guillevin etal. (1996) completed aprospective study of342 patients 
(260 with polyarteritis nodosa and 82 with CSS) to determine prog¬ 
nosis. They established aflve-factorprognostic score consisting of: 
renal insufficiency with serum Cr > 1.58 mg/dL, CNS involvement, 
cardiomyopathy, presence of proteinuria (>1 g/d) and gastroin¬ 
testinal tract involvement. If none of these features was present, 
mortality at 5 years was 11.9%. If one feature was present, mortal¬ 
ity increased to 25.9% compared to a mortality of 45.95% if three 
or more features were present. CNS involvement correlated with 
an RR of mortality of 1.76. 

Conclusion 

CSS is a rare and challenging disease process both to diagnose and 
manage. Nervous system involvement is usually peripheral but 
can also be central, presenting with cerebral infarction or hemor¬ 
rhage. Involvement of the CNS is associated with an increased risk 
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for mortality and requires aggressive treatment with steroids and 
immunosuppressants. The condition should be considered in any 
patient who has asthma and develops eosinophilia and peripheral 
and/or CNS signs. 
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SYSTEMIC LUPUS ERYTHEMATOSUS 

Nancy Futrell 


Introduction 

Patients with systemic lupus erythematosus (SLE) have an 
increased risk of stroke (Futrell and Millikan, 1989). As these 
patients are relatively young compared to other stroke patients, 
SLE is generally considered in the evaluation of stroke. SLE is 
actually a relatively uncommon etiology of stroke, even in young 
persons, being found in only 3.5% of patients presenting with 
stroke before the age of 45 (Adams et al., 1995). The risk of recur¬ 
rence of stroke in patients with SLE is much higher than in other 
stroke patients, and the preventative treatment is influenced by the 
underlying systemic disease. This, along with the need to deter¬ 
mine when to order expensive diagnostic tests to rule out SLE 
in young stroke patients, makes an understanding of the systemic 
disease of SLE and many unique features of stroke in SLE an impor¬ 
tant part of the general knowledge base for the management and 
prevention of stroke. 

Background 

SLE was initially described as a skin disorder in the mid-nineteenth 
century, with recognition of the systemic, multiorgan involve¬ 
ment by Kaposi in 1872. Although Kaposi included descriptions 
of patients with brain dysfunction, including headache, delirium, 
and coma, the first description of focal neurological deficits was 
by Osier, who reported a patient with episodes of right hemipare- 
sis and aphasia in 1904. The presence of systemic “thrombosis” 
(more likely cardiogenic emboli) was recognized as early as 1935, 
with a report of lupus patients with renal infarcts and endocardi¬ 
tis at autopsy (Baehr et al., 1935). Multiple cerebral infarcts were 
described at autopsy in lupus patients with Libman-Sacks endo¬ 
carditis in 1947 (vonAlbertiniandAlb, 1947), andlupus presenting 
with stroke was reported in 1963 (Silverstein, 1963) and in 1971 
(Jentsch et al., 1971). Widespread recognition of stroke as a com¬ 
plication of SLE began in the early 1980s (Delaney, 1983; Haas, 
1982; Harris ef al., 1984; Hart and Miller, 1983). 

Diagnosis of SLE 

A diagnosis of SLE includes documentation of 4 of 11 poten¬ 
tial abnormalities (Tan et al., 1982) (Table 45.1). In young stroke 
patients, an appropriate history should be taken to determine 
whether any clinical manifestations of SLE have been present, 
or whether there is a family history of SLE or other autoimmune 


fable 45.1 Criteria for the diagnosis of SLE° 

(i) 

Malar rash 

(ii) 

Discoid rash 

(ill) 

Photosensitivity 

(iv) 

Oral ulcers (generally painless) 

(v) 

Arthritis (two or more joints, with swelling; arthralgias not 
sufficient) 

(vi) 

Serositis 

(a) Pleuritis (pleurisy, pleural effusion, pleural rub) 

(b) Pericarditis (pericardial effusion or rub, or typical EKG 
changes) 

(vii) 

Renal 

(a) 3+ proteinuria 

(b) Cellular casts 

(viii) 

Neurological 

(a) Seizures 

(b) Psychosis 

(lx) 

Hematological 

(a) Hemolytic anemia 

(b) Leukopenia (<4000/mm 3 on two or more occasions) 

(c) Lymphopenia (<1500/mm 3 on two or more occasions) 

(d) Thrombocytopenia (<100 000/mm 3 ) 

(X) 

Immunological 

(a) Positive LE prep (rarely performed now) 

(b) False-positive syphilis test 

(c) Anti-DNA antibody 

(xi) 

Anti-nuclear antibody (ANA) 

1:320 or greater 

Note: a 

The diagnosis of SLE requires positivity in 4 of the 11 categories. 

“Seronegative” lupus is described as lupus in patients without a positive 

ANA or anti-DNA. There is disagreement as to whether seronegative 

lupus is bona fide SLE. 

Source: 

Tan et al., 1982, reproduced with permission. 


disorders. Review of systems should include questions about 
arthritis, skin rashes, photosensitivity, pleurisy, seizures, and psy¬ 
chotic episodes, which will screen for 6 of the 11 potential lupus 
criteria. The physical examination should include evaluation of 
the skin, mucous membranes, and joints, along with auscultation 
for pericardial or pleural rubs, screening for 5 of the 11 criteria. 
The usual admitting laboratory panel for stroke patients includes 


Uncommon Causes of Stroke, 2nd edition, ed. Louis R. Caplan. Published by Cambridge University Press. © Cambridge University Press 2008. 
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Figure 45.1 Patient with SLE, lupus anticoagulant, and 16 spontaneous 
abortions, (a) Head CT scan following a left parietal stroke (arrow). Major 
atrophy was not present at that time. Anticoagulant therapy was not initiated, 
as the patient was hospitalized for a major gastrointestinal (Gl) bleed, (b) and 
(c) Head CT scan 2 years later, following multiple cerebral infarcts. Multiple 
areas of low density are present, along with significant interval enlargement of 
the ventricles. Anticoagulant was started because of a pulmonary embolus. The 
patient had no clinical strokes over the subsequent year. 

a complete blood count, chemistry panel, prothrombin time, par¬ 
tial thromboplastin time (PTT), and urinalysis. This panel serves 
as a screen for the two additional lupus criteria, and also screens 
for the lupus anticoagulant (elevated PTT). An echocardiogram 
(standard portion of the stroke evaluation) would screen for a peri¬ 
cardial effusion if present. 

If the admitting history, physical examination, and laboratory 
results do not suggest lupus, specific tests for SLE (ANA, double- 
stranded-DNA) or for lupus anticoagulant (Russell’s Viper Venom 
Time) are not warranted. 


Frequency 

The exact frequency of stroke in lupus is not known. One report 
of consecutive patients in a university-based rheumatology clinic 
reports 4% of lupus patients having stroke, but some likely stroke 
patients with diplopia, gaze palsy, and/or vertigo were classed 
as having “brainstem syndrome” rather than stroke (Sibley et al., 
1992). Series selected from consecutive hospital admissions over¬ 
estimate the frequency of stroke, as they are biased toward patients 
with more severe SLE. The San Antonio Lupus Study found 
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ischemic stroke in 2% of patients, but the longitudinal portion of 
this study is now underway. The long-term risk of stroke in these 
patients has not yet been determined (Brey et al., 2002). 

The frequency of recurrent stroke in patients with SLE is bet¬ 
ter documented, with more than 50% of SLE patients who have 
a stroke going on to have multiple infarcts if preventative treat¬ 
ment is not instituted (Asherson et al., 1987; Futrell and Millikan, 
1989). 

Microinfarcts and microhemorrhages (Hanly et al., 1991; 
Johnson and Richardson, 1968) are seen frequently in autopsy 
specimens of SLE patients. Asymptomatic microinfarcts are com¬ 
mon, and are now diagnosed due to the high sensitivity of 
MRI (Ishikawa et al., 1994). Occlusions of large arteries (Trevor 
et al., 1972) and major strokes also occur in lupus patients 
(Figure 45.1). 


Etiology of stroke in patients with SLE 
Vasculitis, an overestimated association 

Lupus patients are known to have systemic vasculitis, most com¬ 
monly in the kidney or the skin. This led Osier to postulate in 1903 
that similar vascular lesions could be causing stereotyped tran¬ 
sient ischemic attacks (TIAs) in one of his patients (Osier, 1904). 
Unfortunately, this concept has persisted in the absence of ver¬ 
ification. “Cerebral vasculitis" has been reported as the etiology 
of stroke in series of patients who did not have neuropathological 
confirmation, but used indirect evidence such as concomitant vas¬ 
culitis in the skin. Other errors in diagnosis come from series with 
an angiographic diagnosis of vasculitis, which has low specificity. 
Major autopsy studies have failed to provide evidence for cerebral 
vasculitis as the cause of stroke in SLE patients (Devinsky et al., 
1988; Hanly etal, 1991; Johnson and Richardson, 1968). There are 
a few case reports in the literature of what appears to be a true 
vasculitis (Bertrand et al., 1995), but the most common pathol¬ 
ogy is a vasculopathy, with perivascular inflammatory infiltrates 
(Johnson and Richardson, 1968), perivascular hemorrhages 
(Smith etal., 1994), and proliferation of blood vessels (Lie, 1989), 
which includes vascular occlusion with multiple channels of 
recanalization (Futrell andAsherson, 1993) (Figure 45.2). 

In spite of the lack of pathological evidence of central nervous 
system vasculitis in SLE, vasculitis is commonly a strong consider¬ 
ation in these patients. This maybe because of widespread multi¬ 
focal hyperintensity of white matter on T2-weighted MRI scans, as 
seen in a patient who presented with mild confusion and apraxia 
(Figure 45.3). This patient underwent biopsy, and tissue was sam¬ 
pled from four separate areas. One was normal, two were consis¬ 
tent with edema in otherwise normal brain tissue, and one showed 
subacute ischemia. There was no vasculitis. Apparently this patient 
had multifocal ischemic lesions with an unusually large amount 
of white matter edema. It is possible that cytokine abnormalities 
in patients with SLE could contribute to unusually severe white 
matter changes (Al-Janadi etal., 1993; Gilad etal., 1997). 

In cases with inflammatory changes within brain tissue and 
brain blood vessels, infection rather than primary inflammatory 
vasculitis is an important consideration (Figure 45.4). Infections 



Figure 45.2 Typical vascular changes in the brain of an SLE patient with lupus 
anticoagulant who died of multiple organ involvement with SLE. She had 
multiple cerebral infarcts. Occluded vessels with recanalization are seen in this 
section (small orrows). 



Figure 45.3 MRI of the brain from a patient with SLE. Diffuse multifocal white 
matter disease led to a presumptive diagnosis of vasculitis. Biopsy revealed 
subacute infarcts and normal tissue with edema. No vasculitis was present. The 
overdiagnosis of "vasculitis" based on multiple lesions on MRI is an important 
pitfall. 


are common in patients with SLE, being a common cause of death. 
These can produce infected emboli. There can also be basilar 
meningitis from aspergillus (Futrell etal., 1992), which is indeed a 
“vasculitis, ” but is a secondary rather than a primary inflammatory 
process. Appropriate treatment would emphasize antimicrobial 
therapy, as opposed to immunosuppression. 

Without biopsy proof, cerebral vasculitis should not be con¬ 
sidered the etiology of a stroke in a patient with SLE. Careful 
evaluation for cardiogenic emboli, hypercoagulable states, and 
atherosclerosis should be performed. 
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Figure 45.4 Inflammatory cells producing vascular occlusion in an SLE patient 
who died with pneumococcal pneumonia and positive blood cultures for 
pneumococcus. This is most likely an infected embolus. 


Cardiogenic emboli 

There are multiple cardiac abnormalities in patients with SLE. 
Libman-Sacks endocarditis is a verrucous endocarditis with 
deposition of hyalinized blood and platelet thrombus, not cov¬ 
ered by endothelium (Libman and Sacks, 1924). These lesions 
can involve cardiac valves as well as the endocardium, and they 
can produce emboli. As many as 75% of SLE patients may have 
cardiac abnormalities on echocardiography, with valvular lesions 
in 37.5% (Ong ef al., 1992). The most commonly diseased valve 
is the mitral valve. Cardiac valvular abnormalities are associated 
with anti-cardiolipin antibodies (Metz ef al., 1994; Stein et al., 
1994). Abnormalities of the mitral valve are the most common, 
and infective endocarditis is a frequent problem (Fluture et al., 
2003). Based on autopsy material, cardiogenic sources of emboli 
appear to be the most common etiology in patients with stroke 
(Devinsky ef al., 1988). 


39%, p = .0003), with stroke being the number one cause of death 
(Bucciarelli ef al., 2006). 

There is evidence that the lupus anticoagulant may convey 
a higher risk for thrombosis than anti-cardiolipin antibodies 
(Derksen et al., 1988). Those patients who are positive for beta(2)- 
glycoprotein I, a plasma cofactor that facilitates the binding of 
anti-phospholipid antibodies to phospholipids, may have an even 
higher risk of stroke (Fiallo et al., 2000). The thrombogenic ten¬ 
dency of both lupus anticoagulant and anti-cardiolipin antibody is 
multifactorial, with contributions from defects in protein C (Amer 
et al., 1990) and protein S (Amster et al., 1993). Both endogenous 
anticoagulants may contribute to this thrombogenic tendency, 
along with low functional levels of antithrombin III (Cosgriff and 
Martin, 1981). 

Endothelial dysfunction (Byron et al., 1987) and fibrinolytic 
defects (Glas-Greenwalt et al., 1984) have also been reported in 
patients with SLE, with decreased endogenous tissue plasmino¬ 
gen activator (t-PA) activity and inhibition of plasminogen acti¬ 
vation (Awada ef al., 1988). Endothelial cell dysfunction has been 
correlated with the lupus anticoagulant (Byron et al., 1987), and 
specific antibodies against the endothelial cell are also reported 
(Vismara ef al., 1988). 

Atherosclerosis 

Atherosclerosis may be more frequent in SLE patients than in 
the general population. Steroids, which are frequently adminis¬ 
tered to lupus patients, are associated with the development of 
a lipid profile that is atherogenic (MacGregor et al., 1992). This 
becomes even more important due to an atherogenic effect of 
low-density lipoprotein-containing immune complexes in lupus 
patients (Kabakov et al., 1992). The combination of increased 
triglycerides with anti-cardiolipin antibodies in these patients also 
has increased atherogenic potential (MacGregor ef al., 1992). It is 
clear that atherosclerosis in lupus is more frequent than can be 
explained by the presence of standard vascular risk factors (Esdaile 
ef al., 2001). 


Hypercoagulable states 

The lupus anticoagulant includes a heterogeneous group of anti¬ 
bodies that interfere with phospholipid coagulation tests in vitro 
(Espinoza and Hartmann, 1986). The lupus anticoagulant and 
anti-cardiolipin antibodies are partially overlapping autoanti¬ 
bodies (Branch et al., 1987) associated with venous thrombosis 
(Asherson et al., 1989), multiple spontaneous abortions (Branch 
ef al., 1985), and stroke (Fields ef al., 1990). They were initially 
described in patients with SLE, but the primary anti-phospholipid 
antibody syndrome in individuals without SLE was subse¬ 
quently described (Asherson et al., 1989). The catastrophic anti¬ 
phospholipid antibody syndrome presents with life-threatening 
diffuse vascular occlusive events. In a cohort of 250 catastrophic 
anti-phospholipid antibody syndrome patients with multiple 
recurrent ischemic events, 100 of the patients also had lupus. 
Patients with lupus had significantly higher mortality than those 
with the primary anti-phospholipid antibody syndrome (59% vs. 


Thrombogenic cytokines 

Multiple cytokine abnormalities are present in patients with SLE, 
withsignificantvariabilitybetweenpatients (Al-Janadiefu/., 1993). 
Tumor necrosis factor (TNF) is a thrombogenic cytokine (van der 
Poll ef al. , 1990). Baseline TNF levels are higher in patients with SLE, 
but levels may not elevate normally following stimulation (Malave 
ef al., 1989). The exact implications of abnormal cytokines in SLE 
are not yet clear, but presence of soluble interleukin-2 receptors 
in the spinal fluid, which is sometimes seen in lupus patients with 
brain involvement, may indicate immune mediated pathology in 
addition to vascular occlusion (Gilad ef al., 1997). 

Prevention of stroke in lupus patients 
Warfarin 

As the major causes of stroke in lupus are cardiogenic emboli and 
hypercoagulable (including hypofibrinolytic) states, the mainstay 
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of stroke prevention is long-term warfarin, with an international 
normalized ratio (INR) of approximately 3.0 (Khamashta et al., 
1995). This is based on a study of 147 patients having a history of 
thrombosis who were positive for anti-phospholipid antibodies. 
SLE was present in 66 of these patients. More recent studies of 
stroke prevention in patients with anti-phospholipid antibodies 
suggest that there is no difference in efficacy between antiplatelet 
and anticoagulant therapy (Brey, 2005). These results should be 
interpreted with caution, as these patients had low positive anti¬ 
phospholipid antibody levels and they did not have lupus or other 
major systemic diseases. The risk-benefit ratio of long-term war¬ 
farin must be carefully weighed in patients with SLE. As many 
of them have serious underlying disorders, including anemia, GI 
bleeding (from vasculitic lesions or gastric irritation from steroids 
and nonsteroidal anti-inflammatory agents), seizures, and psy¬ 
chosis, anticoagulation may carry increased risk. 

In patients with the catastrophic anti-phospholipid antibody 
syndrome, the only treatment to improve outcome was anti¬ 
coagulation. The recovery rate increased by a factor of 3 in 
patients treated with anticoagulation versus those who did 
not receive anticoagulation. Corticosteroids, cyclophosphamide, 
plasma exchange, and intravenous immunoglobulin (IVIG) used 
alone did not improve the outcome. Combining anticoagula¬ 
tion with corticosteroids, plasma exchange, and IVIG improved 
recovery over that from anticoagulation alone. The addition of 
cyclophosphamide to anticoagulation, however, worsened out¬ 
come. By definition there is an active inflammatory process 
in patients who meet the definition of the catastrophic anti¬ 
phospholipid antibody syndrome. In patients with active lupus, 
perhaps the addition of anti-inflammatory or immunomodulating 
treatments might be a useful addition to anticoagulation. Impor¬ 
tantly, strokes may occur in patients with lupus when the disease is 
not active (Futrell and Millikan, 1989), making improved outcome 
with immunomodulation unlikely. 

Heparin 

Even with an INR of 3.0-3.5, some lupus patients continue to have 
ischemic events. Also, during pregnancy, warfarin cannot be used 
as it crosses the placenta. In both of these situations, full dose 
subcutaneous heparin is a reasonable alternative. The 24-hour 
dose of heparin can be estimated from weight-based nomograms. 
Heparin can then be administered in three equal doses. As many 
of these patients are young women, the possibility of heparin- 
induced osteoporosis is important. Low-molecular-weight hep- 
arins are an excellent alternative, with less predisposition to 
osteoporosis. 

Ancrod 

Ancrod is extracted from the Malayan pit viper. It functions as an 
anticoagulant by decreasing fibrinogen levels, and there is also an 
indirect fibrinolytic effect (Reid et al., 1963). It also may decrease 
blood viscosity (Hossmann etal., 1983). 

Ancrod has been used in patients with SLE and renal dis¬ 
ease. Patients with fibrinolytic defects responded with improved 


fibrinolysis, improved prostacyclin production, and improved 
renal function (Kant et al., 1982). Those patients who did not 
respond had an a-2 antiplasmin (Kant etal., 1985). 

The use of ancrod at the present time may not be practical, as it is 
not widely available. The long-term role of ancrod in SLE requires 
further study, but theoretical considerations and preliminary data 
in patients with SLE are promising. 

Platelet inhibition 

The role of the platelet in thrombosis in SLE has not received 
as much attention as fibrin formation and lysis. It is clear that 
intramural platelet deposition is seen in occluded vessels in the 
brain (Ellison etal., 1993), along with being present in the heart in 
patients with verrucous endocarditis (Libman and Sacks, 1924). 

The matter of platelet inhibition is more complicated, as 
patients with lupus may have thrombocytopenia, and many 
of them are already on maximum doses of nonsteroidal anti¬ 
inflammatory medications, making aspirin therapy undesirable. 
Ticlopidine or clopidogrel are alternate medications, with the 
advantage of less direct GI irritation than aspirin. Both appear 
superior to aspirin in secondary stroke prevention in the general 
population, but there are increased expense and important side 
effects. Ticlopidine produces neutropenia and skin rashes that 
may complicate the management of the patient with SLE. Lupus 
patients seem to have more hematological and allergic reactions 
to anticonvulsant medications. There are no data on whether simi¬ 
lar increased complications occur with clopedegril. An alternative 
possibility is clopidogrel, which does not have as many hemato¬ 
logical complications but is associated with skin rash. 

Steroid or immunosuppression 

The failure of steroids alone to prevent stroke in lupus patients 
has been documented (Appan et al., 1987). Steroids decrease 
lupus anticoagulant prothrombotic activity, but effects on anti- 
cardiolipin antibody levels are variable (Derksen et al., 1986). 
Steroids have been successful in preventing recurrent spon¬ 
taneous abortions in patients with SLE or the primary anti¬ 
phospholipid antibody syndrome. As SLE patients have a life¬ 
time risk of stroke, and long-term steroids produce serious side 
effects, steroids should not be the first-line treatment for prevent¬ 
ing stroke in patients with SLE. Steroids or immunosuppression 
are recommended only as a temporary measures, particularly if 
strokes or TIAs occur despite therapeutic anticoagulation. Com¬ 
bination therapy has been successful in patients with the catas¬ 
trophic anti-phospholipid antibody syndrome, and may be appli¬ 
cable to patients with lupus (see the previous section on warfarin). 

Conclusions 

Lupus patients have a higher risk of stroke than the general 
population. Of greatest concern is the very high risk of multi¬ 
ple recurrent strokes if aggressive preventative treatment is not 
given. This must be balanced with the higher risk of treatments 
in this complicated, multisystem disease. As the major causes 
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of stroke are cardiogenic emboli and hypercoagulable states, 
both of which are treated with warfarin, this is the mainstay for 
stroke prevention in lupus patients. Platelet inhibition may also 
be desirable. Steroids and immunomodulatory treatments should 
be reserved for patients with active systemic inflammatory pro¬ 
cesses or incomplete responses to anticoagulation and platelet 
inhibition. Previous dogma that stroke is caused by vasculitis and 
should be treated with steroids or immunosuppression cannot be 
validated by autopsy studies or biopsy data. 

Although stroke is an important problem in lupus patients, lead¬ 
ing to significant morbidity in young patients, SLE is relatively 
uncommon in young patients presenting with strokes or TLAs. Lab¬ 
oratory evaluation for SLE can be reserved for those patients with 
evidence of SLE by history, physical examination, or standard lab¬ 
oratory tests used in all stroke patients. 
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Introduction 


Rheumatoid arthritis (RA) is an autoimmune disease that is char¬ 
acterized by an inflammatory, symmetric polyarthritis. In addi¬ 
tion to the intra-articular inflammation, the systemic disease 
leads to the well known, extra-articular manifestations including 
rheumatoid nodules, pericarditis, pleuritis, vasculitis, and Felty’s 
syndrome. The most common neurological complications of RA 
are peripheral neuropathy and cervical myelopathy (Moore and 
Richardson, 1998). Although cerebrovascular complications are 
less common, there is a growing body of evidence that suggests 
that patients with RA are at increased risk for stroke and that this 
increased risk contributes significantly to the morbidity and mor¬ 
tality of RA (Sattar etal., 2003). 

Various epidemiological studies have shown an increased mor¬ 
tality and decreased life expectancy in patients with RA (Wolfe 
et al., 1994). A follow-up of more than 300 RA patients showed 
the standardized mortality ratio (the ratio of observed to expected 
deaths) to be 1.65 (Chehata et al., 2001). Much of the increased 
mortality has been attributed to an increased frequency of vas¬ 
cular disease. Noncardiac vascular disease is common among 
patients with RA; one patient cohort was found to have a 22% 
cumulative risk of cerebrovascular events during 30 years of follow¬ 
up (Liang et al., 2005). The relative risk of stroke in patients 
with RA compared to the general population is less clear. A ret¬ 
rospective analysis of the Nurses’ Health Study compared risk 
of myocardial infarction and stroke in women with and with¬ 
out RA. There was a clear increased risk of myocardial infarc¬ 
tion in women with RA, but the relative risk of stroke (1.48) 
was not statistically significant (Solomon et al., 2003). Simi¬ 
larly, Wolfe et al. (2003) compared cardiovascular and cere¬ 
brovascular disease prevalence between patients with RA and 
those with osteoarthritis. They found that patients with RA were 
1.7 times more likely to have had a stroke in the preceding 
6 months than were patients with osteoarthritis. There was 
also a trend toward increased lifetime risk of stroke among RA 
patients, although this was not statistically significant (Wolfe 
etal., 2003). 

The mechanisms by which RA patients are predisposed to stroke 
are varied. The most common of these causes is atheroscle¬ 
rotic disease, which seems to be accelerated by the underly¬ 
ing RA. Hypercoagulability, central nervous system (CNS) vas¬ 
culitis, dural rheumatoid involvement, and vertebral artery 
occlusion are less common causes of strokes in patients with 
RA. 


Accelerated atherosclerosis 

An increased prevalence of a number of vascular risk factors has 
been demonstrated, all ofwhich seem to accelerate atherosclerosis 
in patients with RA. The role of systemic inflammation in mediat¬ 
ing atherosclerotic disease is becoming more clear and may be the 
underlying link between RA and vascular events. Destabilization 
of atherosclerotic plaques has been related to the activation of the 
inflammatory cascade where activated T cells seem to play a major 
role. In RA, these same activated T cells are present in inflamed syn¬ 
ovium and other systemic sites of inflammation. Their presence 
and increased activity in RA patients may predispose to atheroscle¬ 
rotic plaque destabilization and rupture (Pasceri and Yeh, 1999). 

Active RA is also characterized by release of cytokines from the 
inflamed synovia into the systemic circulation. Tumor necrosis 
factor-a (TNF-a), interleukin (IL)-1 (3, and IL-6 are present at high 
levels in the serum. These cytokines, particularly TNF-a and IL-6, 
contribute to the development of atherosclerotic disease by pro¬ 
moting insulin resistance, dyslipidemia, and endothelial dysfunc¬ 
tion (Sattar etal., 2003). 

Patients with active and untreated RA also often have unfavor¬ 
able lipid profiles. Compared to matched healthy controls, patients 
with RA have lower levels of high-density lipoprotein (HDL), 
higher HDL/low-density lipoprotein (LDL) ratios, and higher lev¬ 
els of lipoprotein-a. The low HDL seems to be inversely related to 
acute phase reactants, such as C-reactive protein, such that those 
patients with more inflammatory activity had more unfavorable 
lipid profiles (Park etal., 1999). 

The tendency for increased atherosclerosis and large-artery 
disease in RA has been further demonstrated by observations 
of carotid disease in this population. Studies examining carotid 
artery intima-media thickness with carotid ultrasound have 
shown an increased prevalence of carotid disease in patients with 
RA. One study showed that increased duration of disease (> 1 year) 
was a risk-factor for asymptomatic carotid artery stenosis (Park 
etal., 2002). Another study indicated prior steroid use as a potential 
risk factor for the development of carotid artery stenosis (Alkaabi 
etal., 2003). These studies, however, were done on asymptomatic 
patients, and it is unclear if the increased prevalence of carotid 
atherosclerotic disease translates to increased rate of cerebrovas¬ 
cular events. 

Hypercoagulability 

There is evidence that patients with RA have an increased clotting 
tendency. RA patients have increased plasma levels of fibrinogen, 
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von Willebrand factor, tissue plasminogen activator antigen, and 
fibrin D-dimer (McEntegart etal., 2001). Alterations in the hemo¬ 
static system in RA may be because of the subclinical vasculitis that 
is often present in the disease. Vasculitis and the resultant endothe¬ 
lial dysfunction may increase the level of circulating von Wille¬ 
brand factor. Increased levels of von Willebrand factor and hbrino- 
gen, in turn, promote thrombus formation by increasing platelet 
aggregation and adhesion. Elevated levels of tissue plasminogen 
activator and D-dimer, in contrast, indicate up-regulation of the 
fibrinolytic cascade, most likely in response to fibrin formation. 
When tissue plasminogen activator antigen patients were fol¬ 
lowed for 8 years in one study, those who developed a vascular 
event (myocardial infarction, stroke, or deep venous thrombo¬ 
sis/pulmonary embolism) were found to have significantly higher 
concentrations of von Willebrand factor and plasminogen acti¬ 
vator inhibitor 1 activity than did RA patients who did not have 
vascular events in the follow-up period (Wallberg-Jonsson et al., 
2000 ). 

Another factor that may contribute to the propensity to form 
clots in RA is the finding that this condition is associated with 
abnormal homocysteine metabolism. Fasting levels of homocys¬ 
teine were 33% higher in RA patients than in the control subjects 
(Roubenoff etal., 1997). Elevated homocysteine has been associ¬ 
ated with thrombophilia and confers an increased risk of arte¬ 
rial disease. Whether lowering homocysteine levels in patients 
with RA would reduce risk of vascular events remains to be 
seen. 

Vasculitis 

Systemic vasculitis in RA often involves the vasa nervorum of the 
peripheral nervous system. CNS vasculitis, however, is an excep¬ 
tionally rare complication of rheumatoid disease. In a review of 
the literature, 21 reported patients with RA had CNS involve¬ 
ment. Eleven of these had cerebral vasculitis with parenchymal 
involvement and subsequent infarction. Other CNS manifesta¬ 
tions of RA include isolated meningeal vasculitis; dural, parenchy¬ 
mal, and choroid plexus rheumatoid nodules; and inflammatory 
encephalomyelitis (Kim, 1980; Tajima etal., 2004). Extra-articular 
manifestations are most likely in patients with systemic symptoms 
and rheumatoid nodules. Nodules are most often found on exten¬ 
sor surfaces around the elbows. 

Seven men and four women with cerebral vasculitis were iden¬ 
tified in the literature. The mean age of these patients was 
53 years, and mean duration of RA was 13 years. Clinical presen¬ 
tation varied with the site of neurological involvement. Involved 
areas of the CNS included basal ganglia, bilateral frontal cortex, 
visual cortex, splenium or the corpus callosum, fornix, pons, cere¬ 
bellum, and spinal cord. Four patients had seizures, four devel¬ 
oped a hemiparesis, six had impaired mentation, one had cortical 
blindness and Gerstmann syndrome, and two had ataxia and cra¬ 
nial nerve deficits (Beck and Corbett, 1983; Johnson et al., 1959; 
Kemper etal., 1957; Ouyang etal., 1967; Pirani and Bennett, 1951; 
Ramos and Mandybur, 1975; Singleton et al., 1995; Watson et al., 
1977). Cerebrospinal fluid findings available in five cases showed: 
0-24 white bloods cells, 0-760 red blood cells, protein 30-133, 


and glucose 49-71 (Beck and Corbett, 1983; Ouyang et al., 1967; 
Ramos and Mandybur, 1975; Singleton et al., 1995; Watson et al., 
1977). 

The pathologic features of the CNS vasculitis associated with RA 
are perivascular and transmural inflammatory infiltration, severe 
fibrinoid necrosis of the media, and perivascular nodule formation 
resembling polyarteritis nodosa (Ramos and Mandybur, 1975). 
Vasculitis without vessel necrosis has also been described mainly 
consisting of perivascular inflammatory infiltrates (lymphocytes 
and plasma cells) and vascular fibrosis of the vessels in the periven¬ 
tricular white matter (Singleton et al., 1995). The vasculitis in RA 
can be isolated to the CNS or part of a generalized vascular involve¬ 
ment. In at least three of the reported cases, autopsy findings 
showed isolated cerebral vasculitis (Ouyang et al., 1967; Steiner, 
1959; Watson etal., 1977). 

Imaging studies are available for only two of the reported cases 
of RA-associated cerebral vasculitis. In one patient, a 52-year-old 
man who had had RA for 2 years presented with partial seizures 
involving both sides of his body on separate occasions. CT scan 
showed diffuse cortical enhancement of the anterior frontal lobes 
bilaterally. Brain and meningeal biopsy of the right frontal cortex 
confirmed meningeal and parenchymal perivascular inflamma¬ 
tory changes. He improved on prednisone and azathioprine and 
was reportedly asymptomatic after 2 years of follow-up (Beck and 
Corbett, 1983). Another reported patient, a 47-year-old woman 
with RA, presented with dysarthria and gait ataxia. MRI showed 
increased T2 signal in the pons with marked hyperintensity of 
the periventricular white matter with minimal extension to the 
gray-white junction. There was no enhancement nor was there 
involvement of the gray matter. Cerebral angiography showed no 
abnormalities. She was treated with prednisone and azathioprine 
with stabilization of her neurological deficits. A follow-up MRI 
9 months later showed no interval change. She died unexpectedly 
2 years after presentation, and postmortem examination of the 
brain showed perivascular inflammatory inhltrates in the periven¬ 
tricular white matter, pons, and right hippocampus (Singleton 
etal., 1995). 

Although MRI is a useful imaging study for detecting small- 
vessel vasculopathy, it should be noted that the findings are 
relatively nonspecific in rheumatoid vasculitis. Meningeal and 
brain biopsy therefore remains the gold standard in confirming 
a diagnosis of vasculitis in these patients. In RA, biopsy is par¬ 
ticularly important given that the other CNS manifestations of 
the disease may produce similar abnormalities on imaging stud¬ 
ies. Encephalomyelopathy, for example, has been reported in RA 
with similar brainstem and basal ganglia T2 hyperintensities on 
MRI in the absence of a diagnosis of vasculitis (Tajima et al., 
2004). 

The underlying pathogenesis of CNS vasculitis associated with 
RA remains unclear. Possible causes include complications of 
disease-modifying therapy used in RA, immune complex depo¬ 
sition, or association of RA with other rheumatic diseases such 
as Sjogren’s or polyarteritis nodosa (Ramos and Mandybur, 1975). 
Despite the rarity of the disease, CNS vasculitis should be consid¬ 
ered in the differential diagnosis of any RA patient presenting with 
focal neurological signs and symptoms. 
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Venous sinus thrombosis 

Rheumatoid involvement of the dura either by pachymeningitis 
or by dural rheumatoid nodules is an unusual occurrence (Kim, 
1980). The inflammation of the meninges comprising the dural 
sinus or presence of rheumatoid nodules adjacent to the venous 
sinuses themselves could predispose to venous sinus thrombosis. 
A single case report described a woman with an 8-year history of 
RA who presented with paraparesis, dysarthria, and nystagmus. 
She was found to have sulcal effacement and edema of the bilat¬ 
eral frontal and parietal lobes associated with superior sagittal 
sinus thrombosis. She improved on heparin and was later found 
to have imaging evidence of pachymeningitis. An evaluation for 
other causes of hypercoagulability was negative (Cellerini et al, 
2001 ). 


Vertebral arterial disease 

Acquired as well as congenital lesions of the osseous and liga¬ 
mentous structures at the craniocervical junction have also been 
posited to cause compression of the distal extracranial vertebral 
artery and posterior circulation ischemia. Although there is a the¬ 
oretical risk of mechanical injury to the vertebral artery due to cer¬ 
vical arthritis and atlantoaxial subluxation in RA, this most often 
results in cervical myelopathy. Stroke due to vertebral dissection 
has been reported in RA, but the vertebral artery occlusion was 
sometimes associated with only minimal atlantoaxial subluxation 
(Loeb etal., 1993). 

A number of individual case reports do document compres¬ 
sive changes in vertebral arteries related to severe rheumatoid 
disease at the cervicocranial junction (Caplan 1996). Davis and 
Markley (1951) reported death from direct medullary compres¬ 
sion by the odontoid process in a physician’s wife who had severe 
RA. The dens had dislocated and herniated upward through the 
foramen magnum. No vascular compression was shown or sought 
in this patient. Robinson (1966) reviewed the clinical findings in 22 
patients with RA who had atlantoaxial subluxation. Two of these 
patients had transient positional vertigo, one of whom also had 
transient visual blurring. Robinson (1966) reviewed the anatom¬ 
ical relationships of the vertebral artery, the odontoid process of 
C2, and the atlas and noted "while the neurological complaints are 
no doubt related to cord compression, it is possible that some of 
the manifestations such as vertigo and visual disturbance may be 
related to intermittent obstruction of the vertebral artery due to 
excessive mobility of C2.” 

Webb et al. (1968) reported the first well-documented patient 
with posterior circulation infarction related to RA of the upper 
cervical spine. A 53-year-old woman with severe RA had had occa¬ 
sional blackouts and occipital headaches. She became comatose, 
and autopsy showed severe atlantoaxial subluxation with protru¬ 
sion of the dens into the foramen magnum adj acent to the medulla. 
The vertebral arteries were both thrombosed at “their upper ends 
where they followed a tortuous course along the disorganized col¬ 
lapsed remnantsoftheatlasandaxis” (Webb etal., 1968).Extensive 
cerebellar and brainstem infarction had caused her death. 


Jones and Kaufman (1976) also reported a single autopsy- 
confirmed case of vertebral artery compression due to RA. A 
74-year-old man had had intermittent spells of loss of conscious¬ 
ness, and then died after a period of “coma vigil. ” Autopsy showed 
extensive bilateral posterior cerebral artery territory infarction 
and brainstem and cerebellar infarcts. The odontoid was dis¬ 
placed to the right and herniated upwards for a distance of 
1 cm through the foramen magnum. The right vertebral artery 
was markedly narrowed and constricted in an hourglass manner 
between the tip of the odontoid process and the lip of the foramen 
magnum. The left vertebral artery contained a recent thrombus 
at the site of 90% atheromatous stenosis (Jones and Kaufman, 
1976). 

Another rare, potential mechanism of vertebral artery occlusion 
in RA includes involvement of the vertebral artery by a spinal dural 
rheumatoid nodule (Steiner, 1959). 
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HYPERVISCOSITY AND STROKE 

John F. Dashe 


Introduction 

The association of elevated hematocrit and fibrinogen levels with 
increased stroke risk has led to continued interest in hemorheo- 
logic factors and their role in the development of vascular disease 
and acute stroke. The neurological complications of the hyper¬ 
viscosity syndromes are well described, but the relative impor¬ 
tance ofhemorheologic factors and viscosity in the more common 
ischemic stroke subtypes is still uncertain. 

Basic principles of blood viscosity 

Viscosity is the resistance to flow that arises from the friction 
between adjacent layers of a fluid in motion, and is defined as 
the ratio of shear stress to shear rate. Shear stress is the tangential 
force between flowing layers of fluid, and shear rate is the velocity 
gradient between the layers of flow (Wood and Kee, 1985). For New¬ 
tonian fluids such as water or plasma, viscosity is a fixed property, 
and is independent of flow rate. Whole blood is a non-Newtonian 
fluid, and has an apparent viscosity that varies as a function of its 
shear rate. Blood viscosity increases at low shear rates (low veloc¬ 
ity) and decreases at high shear rates (high velocity). At very low 
flow velocities, blood viscosity may be from 100 to 10 000 times 
that of water; at high flow velocities, it may be of the order of 2-10 
times that of water (Dintenfass, 1968). 

Because of its non-Newtonian properties, blood viscosity is con¬ 
tinuously changing in vivo as blood flows through vessels of differ¬ 
ent sizes and pressure gradients. In addition, shear rates cannot be 
measured directly, and their values are approximations for differ¬ 
ent parts of the circulation. For these reasons, a single in vitro mea¬ 
surement of blood viscosity has limited practical value (Thomas, 
1982). 

Blood viscosity is influenced by many factors including hema¬ 
tocrit, plasma protein and fibrinogen concentrations, cellular 
aggregation, red cell deformability and axial migration, vessel 
diameter, and flow rate. Leukocytes and platelets make a relatively 
minor contribution to whole-blood viscosity under normal con¬ 
ditions, but may be important in certain pathological conditions. 

Effects of hyperviscosity in large and small vessels 

Blood flow in the microcirculation (vessels with an internal diam¬ 
eter of <100 microns) is governed mainly by red cell deformability 
and plasma viscosity. Normal deformability allows erythrocytes 


with a diameter of 8 microns to squeeze through capillaries with 
diameters of 4-6 microns (Wood and Kee, 1985). Red cell deforma¬ 
bility is determined by surface-to-volume area, cell morphology, 
mechanical properties of the membrane, and viscosity of the cell 
contents (Koenig and Ernst, 1992). Normal deformability requires 
sufficient adenosine triphosphate (ATP) levels to maintain cell 
shape and actively extrude calcium. Excess intracellular calcium 
can cause gelation of hemoglobin and contraction of the cell 
membrane (Grotta et al. } 1986). If intracellular ATP is depleted, 
as might occur in ischemic tissue, the red cell becomes more rigid, 
contributing to increased viscosity. Likewise, rigid erythrocytes in 
sickle cell blood cannot easily pass through the smaller vessels. 

Because of the Fahraeus-Lindqvist effect (Fahraeus and 
Lindqvist, 1931), blood viscosity decreases as tube diameter 
decreases below 1 mm due to reduced contribution of normal 
red cells to viscous resistance (“Haemorheology, blood-flow and 
venous thrombosis,” 1975). In these small vessels, blood viscosity 
approximates plasma viscosity, which becomes a direct determi¬ 
nant of capillary blood flow (Gaehtgens and Marx, 1987). Leuko¬ 
cytes may also play an important role at this level. 

Red cell aggregation is a reversible process that causes most of 
the non-Newtonian flow behavior of whole blood. Large, electri¬ 
cally positive macromolecules in plasma, mainly fibrinogen and 
globulins, facilitate bridging and reduce the electronic repulsion 
between red blood cells. In large vessels, migration of red cells to 
the vessel axis increases blood fluidity and oxygen transport, and 
the higher velocities and shear rates tend to break up aggregations 
of red cells. Under low flow conditions, and accompanying lower 
shear rates, the process tilts toward formation of red cell aggregates 
(rouleau) that increase blood viscosity and may result in dimin¬ 
ished perfusion (Koenig and Ernst, 1992). The width of capillar¬ 
ies precludes the passage of red cell aggregates unless a rouleau 
formation enters end on (Wells, 1964). Elevated fibrinogen and 
paraprotein levels cause an increase in erythrocyte aggregation. 

Increased red cell aggregation also occurs with trauma, shock, 
burns, infection, complicated diabetes mellitus, malignancy, and 
rheumatic diseases. Red cell aggregation is increased in most con¬ 
ditions that are accompanied by an increased erythrocyte sedi¬ 
mentation rate (ESR) (Somer and Meiselman, 1993). 

Viscosity increases logarithmically at the lowest shear rates 
(Somer and Meiselman, 1993), and this effect is magnified at higher 
hematocrit levels. Conditions that cause low flow, such as a high- 
grade arterial stenosis or systemic hypotension and hypovolemia, 
increase blood viscosity based on the associated low shear rates. 
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The end result is a further reduction in flow, potentially leading to a 
“viscous, vicious circle" (Dintenfass, 1966; Thomas, 1982) consist¬ 
ing of reduced blood flow, aggregation of blood cells, and finally 
complete stasis favoring thrombus formation. 

Acute ischemia also induces an acute-phase reaction and a 
further deterioration of blood fluidity, mainly by increasing fib¬ 
rinogen. With stasis or zero shear rate, cell aggregation causes an 
increased structural viscosity, which must be overcome for flow to 
be re-established. The minimum force required to initiate flow in 
static blood is called the yield stress, and fibrinogen is the principle 
determinant of this property of blood (Wells, 1964). 

Epidemiologic evidence 

Patients with acute and chronic cerebrovascular disease may have 
abnormalities involving blood viscosity, plasma viscosity, hema¬ 
tocrit, red cell deformability, and fibrinogen (Coull el al, 1991; 
Fisher and Meiselman, 1991; Ottei al., 1974;Sakuta, 1981; Thomas, 
1982). 

Fibrinogen 

Fibrinogen may play a causal role in ischemic stroke through sev¬ 
eral mechanisms (Lowe, 1995). The most prominent of these is 
its essential role in thrombosis, both as the substrate for fibrin 
clot formation and as a facilitator of platelet aggregation. Another 
is the contribution of fibrinogen to atherogenesis. Finally, and 
perhaps of least importance, is the effect of fibrinogen on whole- 
blood viscosity. 

Perhaps the strongest evidence linking fibrinogen with stroke 
comes from a 2005 Fibrinogen Studies Collaboration meta¬ 
analysis of 31 prospective studies that included more than 150 000 
healthy participants without stroke or coronary heart disease 
(CHD) (Danesh etal., 2005). Within each age group (40-59, 60-69, 
and >70 years), there was an approximately log-linear associa¬ 
tion between fibrinogen level and the risk of any CHD, any stroke, 
and mortality due to other causes. The risk of stroke increased for 
each 1 g/L increase in fibrinogen level (age- and sex-adjusted haz¬ 
ard ratio [HR] 2.06, 95% confidence interval [Cl], 1.83-2.33). After 
adjustment for several established vascular risk factors, the HR for 
stroke was reduced to about 1.8. 

Analysis of pooled data from three prospective studies of 
patients with recent transient ischemic attack (TLA) or minor 
ischemic stroke also showed that fibrinogen levels above the 
median predicted subsequent ischemic stroke (HR 1.34, 95% Cl, 
1.13-1.60) (Rothwell etal., 2004). 

Despite the association of increased fibrinogen levels with stroke 
and CHD, it remains unclear whether fibrinogen plays a causal role 
in vascular disease, or is simply a marker of risk. Arguing against a 
causal role is the finding that fibrinogen is not specific for vascular 
disease but is also associated with the aggregate of all nonvascu- 
lar mortality, mainly cancer, as demonstrated by the Fibrinogen 
Studies Collaboration meta-analysis (Danesh et al, 2005; Lowe, 
2006). 

One alternative hypothesis is that the broad association of fib¬ 
rinogen with vascular and nonvascular events and mortality may 


reflect an inflammatory response to cumulative lifetime environ¬ 
mental stressors (e.g. smoking, metabolic syndrome, infections, 
low socioeconomic status) that impacts the risk and progression 
ofvarious chronic diseases (Lowe, 2005). The same hypothesis may 
explain why other markers oflow-grade inflammation (e.g. plasma 
viscosity, white cell count, ESR, C-reactive protein, and low serum 
albumin) also appear to have associations with stroke, CHD, and 
nonvascular mortality, as shown in meta-analyses of prospective 
studies (Lowe, 2005). 

Although fibrinogen is also an acute-phase reactant, a prospec¬ 
tive epidemiological study found that hematocrit, fibrinogen, 
blood viscosity, and plasma viscosity are increased years before 
the onset of acute ischemic events, in addition to having an asso¬ 
ciation with stroke risk (Lowe et al ., 1997). Furthermore, a prospec¬ 
tive nested case-control study found that fibrinogen was associ¬ 
ated with an increased risk of ischemic stroke after adjustment for 
C-reactive protein, a marker of inflammation, suggesting that the 
acute-phase behavior of fibrinogen was unlikely to be driving the 
association (Woodward etal., 2005). 

In patients with a history of stroke or risk factors for stroke, a 
prospective study found that a low albumin-globulin (A-G) ratio 
(< 1.45) was an independent risk-factor for the composite outcome 
of subsequent stroke, myocardial infarction, or vascular death (HR 
2.4, 95% Cl, 1.2-4.7) (Beamer etal, 1993). A low A-G ratio in this 
study was inversely related to plasma fibrinogen concentration 
and appeared to reflect both higher fibrinogen and globulin levels 
and a lower concentration of albumin; the latter is a marker of 
inflammation. 

Hematocrit 

The Framingham study suggested an epidemiological link 
between elevated hematocrit and risk of stroke (Kannel et al., 
1972). A later report found that the risk of stroke increases pro¬ 
gressively with fibrinogen level in men but not in women (Kannel 
etal., 1987). 

A year 2000 meta-analysis of 16 prospective population-based 
studies found that increased hematocrit (top third vs. bottom third 
of baseline hematocrit) was associated with a small but statisti¬ 
cally significant risk of CHD (risk ratio [RR] 1.16, 95% Cl, 1.05- 
1.29) (Danesh etal., 2000). This study did not address stroke risk, 
and no comparable meta-analysis evaluating the relationship of 
hematocrit with stroke has been published to date. 

Plasma viscosity 

Plasma viscosity increases with age regardless of gender; is 
positively associated with untreated hypertension, hypercholes¬ 
terolemia, and smoking in men; and is raised in hypertension and 
severe obesity in women (Koenig and Ernst, 1992). 

Evidence regarding the association of plasma viscosity with 
stroke is conflicting. An earlier prospective study of 523 patients 
in stroke rehabilitation phase found that elevated blood viscos¬ 
ity, red cell aggregation, plasma and serum viscosity, fibrinogen, 
and cholesterol levels were associated with recurrent stroke (Ernst 
et al. } 1991). In addition, the prospective Edinburgh Artery Study 
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Table 47.1 Hematological hyperviscosity syndromes 




Decreased red cell 

Plasma abnormality 

Increased cellularity 

deformability 

Waldenstrom’s 

macroglobulinemia 

Polycythemia vera 

Sickle cell anemia 

Paraproteinemias 

Erythrocytosis 

(secondary 

polycythemia) 

Spherocytosis 

Congenital 

hyperfibrinogenemia 

Hyperleukocytic 

leukemias 

Stress polycythemia 
(Gaisbock’s syndrome) 

Hemoglobinopathies 


Source: Modified from Dormandy etal., 1981, with permission. 


found that mean levels of plasma viscosity, blood viscosity, hema¬ 
tocrit, and fibrinogen, adjusted for age, sex, and conventional risk- 
factors, were significantly higher in subjects who had first ischemic 
strokes than in subjects who did not (Lowe et al., 1997). How¬ 
ever, subsequent prospective studies have found no association 
between plasma viscosity and ischemic stroke (Baker etal., 2002; 
Woodward etal., 2005). 

A 2000 meta-analysis of six prospective studies addressed the 
relationship of plasma viscosity and CHD and found that increased 
plasma viscosity (top third vs. bottom third of baseline values) was 
associated with a small but statistically significant risk of CHD 
(RR 1.57, 95% Cl, 1.34-1.85) (Danesh et al., 2000). In a combined 
analysis of two of the six studies that reported whole-blood vis¬ 
cosity measurements or calculations, blood viscosity (top third 
vs. bottom third of baseline values) was associated with a non- 
significantly increased risk of CHD (RR 1.24, 95% Cl, 0.74-2.10). 
No comparable meta-analysis has addressed the relationship of 
plasma viscosity or blood viscosity with stroke. 

Hyperviscosity syndromes 

Diseases that cause hyperviscosity fall into three main categories: 
plasma abnormalities, increased cellularity, and decreased red 
cell deformability (Table 47.1). Each has a different rheological 
mechanism that leads to a hyperviscous state. A fourth category 
of “covert” hyperviscosity states is increasingly recognized (Table 
47.2). 

Plasma abnormalities 

Plasma viscosity is determined mainly by the concentration of 
electrically neutral or slightly positively charged, nonspherical, 
high-molecular-weight proteins. These proteins, including fib¬ 
rinogen, a-2 macroglobulins, and immunoglobulins, contribute 
to viscosity because of their physical characteristics as well as by 
their interactions with red cells. Fibrinogen is the principal deter¬ 
minant of plasma viscosity under normal conditions (Dormandy 
et al., 1981; Wells, 1970). Although it makes up about 4% of nor¬ 
mal plasma proteins by weight, fibrinogen is responsible for more 



than one-fifth of the total plasma viscosity (Somer and Meiselman, 
1993). 

Increased production of high-molecular-weight globulins or 
macroglobulins is frequently found in patients with mono¬ 
clonal and polyclonal immunoglobulinemias including lym¬ 
phoma, Waldenstrom’s macroglobulinemia, and less commonly 
in multiple myeloma (Fahey etal., 1965). The plasma hyperviscos¬ 
ity syndrome is a clinical entity characterized by mucous mem¬ 
brane bleeding, blurred vision, visual loss, lethargy, headache, 
dizziness, vertigo, tinnitus, paresthesias, and occasionally seizures 
(Dintenfass, 1966; Fahey et al., 1965; Pavy et al., 1980; Wells, 
1970). Funduscopic examination may show retinal hemorrhages 
and papilledema. Pathologically, this syndrome is explained by 
extremely elevated plasma viscosity and hypervolemia; intense 
red cell aggregation results from the elevated paraproteins (Somer 
and Meiselman, 1993). 

Intravenous immunoglobulin (IVIG) can increase viscosity of 
plasma and whole blood both in vivo and in vitro, suggesting that 
IVIG therapy may impair blood flow and cause ischemic stroke, 
myocardial infarction, or venous thromboembolism (Reinhart and 
Berchtold, 1992). Other potential mechanisms for thromboem¬ 
bolism related to IVIG therapy include platelet activation and 
vasospasm (Emerson etal., 2002). 

The actual risk of stroke with IVIG therapy is unknown, but case 
reports and small case series suggest a possible association. In one 
report, a 70-year-old woman with stable polycythemia vera was 
treated with IVIG when she developed Guillain-Barre syndrome 
(Byrne etal., 2002). Coma ensued 8 days later because of symmet¬ 
ric bilateral cerebral infarcts. Autopsy findings included infarction 
with necrotizing microangiopathy and intravascular aggregates of 
fibrin with immunoglobulin and platelets. 

Another study reported 16 patients who developed ischemic 
stroke associated with IVIG infusions over a 4-year period at several 
regional centers in North Carolina (Caress etal., 2003). The stroke 
rate among all hospitalized patients who received IVIG treatment 
during the 4-year study period was 0.6%. Stroke onset occurred 
within 24 hours of IVIG infusion in 14 patients, and multifocal 
infarctions were present in 9 patients. Eight of the 16 were receiv¬ 
ing IVIG treatment for the first time. Stroke risk factors, including 
hypertension, diabetes mellitus, asymptomatic cerebrovascular 
disease or stroke, and hematologic disorders that may predispose 
to stroke, were present in 15 of the 16 patients. 

While these reports suggest that each course of IVIG treatment 
is associated with a small risk of thromboembolic complications, 
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particularly in patients with underlying risk factors (Vucic et al., 
2004), an alternative explanation is that ischemic stroke may be 
coincidental in patients with cardiovascular risk factors receiving 
FVTG therapy (Alexandrescu ef al., 2005). 

Increased cellularity 

Polycythemia vera is the most common cause of increased cellular¬ 
ity, and is characterized by overproduction of erythroid, myeloid, 
and megakaryocytic cell lines, leading to elevated peripheral blood 
cell counts and an increased red cell mass. Cerebral blood flow 
(CBF) is diminished with the high hematocrits found in poly¬ 
cythemia (Thomas et al., 1977). The most common neurological 
symptoms related to polycythemia include headache, dizziness 
or vertigo, paresthesias, scotomata, blurred vision, and tinnitus 
(Silverstein et al., 1962), similar to the symptoms reported in the 
plasma hyperviscosity syndrome. 

The frequency of brain infarction due to hyperviscosity in poly¬ 
cythemia vera is unclear. Prospective controlled studies address¬ 
ing this issue are lacking. Grotta et al. (1986) concluded that 
polycythemia rarely, if ever, plays a role in focal cerebral infarc¬ 
tion, but other studies have reported an increased incidence of 
brain ischemia and thrombosis (Barabas et al., 1973; Chievitz and 
Thiede, 1962; Millikan et al., 1960; Silverstein et al., 1962). The 
nature of the brain events themselves (whether focal or diffuse) is 
often difficult to ascertain from these studies, as they usually do 
not provide detailed clinical-pathological correlation or precise 
definitions of the cerebral thrombotic events. 

The increased hematocrit in polycythemia may impede flow 
and increase coagulability in the presence of large artery occlu¬ 
sive disease, and contribute to decreased microvascular flow in 
patients with hypertensive small-vessel disease. Stroke could also 
be caused by the increased platelet counts and increased platelet 
reactivity found in myeloproliferative disorders such as poly¬ 
cythemia vera (Schafer, 1984). Pearson and Wetherley-Mein (1978) 
found that the incidence of vascular occlusive episodes correlated 
directly with the red cell mass; the same study showed an associ¬ 
ation between the frequency of thrombosis and thrombocytosis, 
but this association did not achieve statistical significance. Lacu¬ 
nar infarction (Pearce ef al., 1983), Binswanger’s disease (Caplan, 
1995), cerebral venous thrombosis (Melamed ef al., 1976), intra¬ 
cerebral hemorrhage, cerebral large-artery thrombosis, large- 
artery territorial infarction, and watershed infarction (Yazdi and 
Cote, 1986) have all been attributed to polycythemia (Barabas 
etal., 1973). 

Erythrocytosis from increased erythropoietin (so-called sec¬ 
ondary polycythemia) causes elevated hematocrit and hypervis¬ 
cosity. Increased erythropoietin production can be triggered by a 
physiologic response to chronic hypoxia in a number of conditions 
including cyanotic congenital heart disease, hypoxic lung disease, 
hypoventilation due to the Pickwickian syndrome, and high alti¬ 
tude. Nonphysiologically increased erythropoietin is associated 
with renal cysts, hydronephrosis, and a number of neoplasms 
(Grotta etal., 1986). Stress polycythemia, or Gaisbock’s syndrome, 
also causes elevated hematocrit. High altitude induces a physio¬ 
logic erythrocytosis, but the limited epidemiological data in the 


United States suggest that stroke mortality actually declines with 
increasing altitude (Gordon etal., 1977). 

Evidence against an association of increased hematocrit with 
ischemic stroke comes from a study of 112 adults with cyanotic 
congenital heart disease that excluded those with independent 
stroke risk factors (Perloff etal., 1993). At 1-12 years of follow-up, 
no patient with either compensated or decompensated erythrocy¬ 
tosis had clinical evidence brain infarction, irrespective of hemat¬ 
ocrit level, iron stores, or the severity of hyperviscosity symptoms. 

Children with congenital cyanotic heart disease do have an 
increased incidence of stroke, most frequently due to cerebral 
venous thrombosis (Cottrill and Kaplan, 1973; Phornphutkul elal., 
1973). Unlike adults, these children are likely to have a microcytic 
hypochromic red cell morphology consistent with iron deficiency, 
which has been shown to decrease red cell deformability (Cottrill 
and Kaplan, 1973; Phornphutkul etal., 1973). Thus, hyperviscosity 
in children may be related more to decreased red cell deformability 
than to the level of hemoglobin or hematocrit. 

Very high white blood cell counts in patients with leukemias 
are associated with hyperviscosity (Rampling, 2003). Normal 
white cells are by some estimates 1000-fold less deformable (and 
leukemic blast cells may be less deformable still) than normal red 
cells. The increased numbers of rigid leukemic cells tend to occlude 
small vessels and lead to global neurological dysfunction (Somer 
and Meiselman, 1993). Microinfarcts and petechial hemorrhages 
result. No strong evidence has emerged linking leukemic hyper¬ 
viscosity to large-artery brain infarction. 

Decreased red cell deformability 

In sickle cell disease (SCD), the hemoglobin HbS structure is less 
soluble than normal hemoglobin, and has a tendency toward poly¬ 
merization when exposed to hypoxia or low pH (Bunn, 1997).This 
causes the cell membrane to conform to a highly rigid sickle shape, 
and results in tremendously increased viscosity with abnormal 
flow and red blood cell sludging in the microcirculation and cere¬ 
bral veins. Even oxygenated sickle blood from asymptomatic sickle 
patients has an elevated viscosity when compared to normal blood 
at the same hematocrit (Chien etal., 1970). 

Although the tissue damage is thought to occur in the microcir¬ 
culation, large-artery occlusive disease involving the distal inter¬ 
nal carotid artery and circle of Willis is a characteristic feature of 
SCD, occasionally developing into a moyamoya radiographic pat¬ 
tern (Stockman et al., 1972). One potential mechanism for this 
large-vessel arteriopathy is repetitive flow-related injury to the 
endothelium (Jeffries et al., 1980); sickle red cells may stimulate 
proliferation of the smooth muscle and fibrous components of 
arterial walls, leading to arterial stenoses. Another mechanism 
may be stasis and occlusion of the small vessels of the vaso vaso- 
rum that nourish the large arteries, leading to ischemia of the large 
artery walls, intimal proliferation, and gradual occlusion (Stock- 
man etal., 1972). 

The risk of stroke in SCD varies according to genotype and is 
highest in patients with homozygous SS. In a series of3647 patients 
with SCD, the likelihood of having a first stroke by age 20, 30, or 
45 years was 11%, 15%, and 24%, respectively (Ohene-Frempong 


350 



Hyperviscosity and stroke 


et al, 1998). The same study found that the incidence of a first 
cerebral infarct was between ages 2 and 5 years, 6 and 9 years, 
10 and 19 years, and 20 and 29 years was 0.7, 0.5, 0.24, and 0.04, 
respectively. 

Patients with SCD are at risk for both cerebral infarction and 
intracerebral hemorrhage; the latter may develop from medial wall 
necrosis and rupture of cerebral arterioles (Stockman etal., 1972). 
Cerebral infarctions occur in both deep and subcortical structures. 
Both neuropathologic (Rothman etal., 1986) and neuroradiologic 
(Pavlakis etal, 1988) evidence indicates that the majority of brain 
infarcts in patients with SCD involve the high cortical convexity 
border zone regions between the major arterial territories. Brain¬ 
stem, spinal cord, and retinal infarctions also occur (Grotta etal., 
1986). 

Other examples of decreased red cell deformability include 
hereditary spherocytosis, pyruvate kinase deficiency, and certain 
hemoglobinopathies; usually these disorders do not lead to major 
clinical symptoms or cerebrovascular involvement (Somer and 
Meiselman, 1993), although patients with brain infarction have 
been reported (van Hilten etal, 1989). 


Other conditions associated with hyperviscosity 

Diabetes, inflammation, and atherosclerosis have been termed 
“covert” hyperviscosity syndromes (Somer and Meiselman, 1993), 
because their rheological manifestations are typically less pro¬ 
nounced than in the better known hematological hyperviscosity 
syndromes (Table 47.2). Diabetes is associated with a number 
of rheological abnormalities (McMillan 1985, 1989); the arteri¬ 
olar hyalinization found in this disease may be mediated by a 
diabetes-specific impairment in red cell deformability, causing an 
increase in peak tangential arteriolar wall force (Juhan etal, 1982; 
McMillan, 1997). 

Increased viscosity may also occur in low-flow states that arise 
systemicallyfromhemoconcentration with severe burns, inappro¬ 
priate red cell transfusion, dehydration due to illness, and circu¬ 
latory shock (Lowe, 1987). 

In arterial hypertension, whole-blood viscosity plasma viscos¬ 
ity, hematocrit, fibrinogen, and red cell aggregation and deforma¬ 
bility are all increased (ITossmann et al., 1985; Letcher etal., 1981; 
Zannad etal., 1988). 

Lipoproteins have direct effects on blood rheology. Increases 
in triglycerides, chylomicrons (Seplowitz et al, 1981), and low- 
density lipoprotein (LDL) and very low-density lipoprotein (VLDL) 
cholesterol fractions lead to a concentration-dependent increase 
in plasma viscosity (Leonhardt et al, 1977; Rosenson and Lowe, 
1998). Patients with hyperlipoproteinemia type II have elevated 
fibrinogen levels and increased blood viscosity, plasma viscos¬ 
ity, and hematocrit, as well as elevated levels of a-2 antiplasmin 
(Lowe etal., 1982), an inhibitor of fibrinolysis. Elevated LDL causes 
increased viscosity by fostering red cell aggregation (Sloop, 1996), 
whereas high-density lipoprotein (HDL) has antiatherothrom- 
botic properties that result in part from inhibition of platelet and 
erythrocyte aggregation and reduced blood viscosity (Rosenson 
and Lowe, 1998). 


Cigarette smoking is associated with increased hemoglobin, 
fibrinogen levels, plasma viscosity, red cell aggregation, platelet 
aggregation, and leukocyte counts, resulting in a steep increase 
in whole-blood viscosity in smokers (Ernst, 1995). The effect of 
smoking is dose dependent and largely reversible (Lowe, 1998). 

Role of hyperviscosity in ischemic stroke subtypes 

Outside of the overt hematologic hyperviscosity syndromes, few 
studies have directly examined the role of rheological factors per¬ 
taining to ischemic stroke subtypes or vascular lesions. Tohgi et al. 
(1978) studied 432 consecutive patients with ‘cerebral infarction’ 
at autopsy and found that the risk of ischemic stroke rose dramat¬ 
ically for hematocrit values >46%; the increase occurred predom¬ 
inantly in deeper regions rather than in cortex, but this trend did 
not reach statistical significance. The proportion of large-versus 
small-vessel infarcts is not clear from their data. 

The majority of studies have focused on the microcirculation. 
In a study of 40 patients with lacunar strokes confirmed by clini¬ 
cal and radiologic criteria, Schneider et al. (1985) found that ery¬ 
throcyte aggregation, erythrocyte deformability, plasma viscosity 
fibrinogen concentration, and shear stress were pathologic when 
compared to those of normal control patients, but hematocrit was 
not significantly different. A later study (Schneider et al, 1987) 
found that fibrinogen levels were significantly higher in 40 patients 
with lacunar infarcts and 21 patients with Binswanger’s disease 
compared to 275 healthy control subjects without vascular risk 
factors. The Binswanger patients alone had consistently elevated 
plasma viscosity. 

Although most strongly associated with hypertension, Bin- 
swanger's disease may be associated with other conditions 
linked to hyperviscosity such as polycythemia, hyperglobuline- 
mia, hyperlipidemia, and diabetes (Caplan, 1995). Kawamoto 
etal. (1991) found that asymptomatic patients with multiple lacu¬ 
nar infarcts by MRI criteria showed ahigher predicted whole-blood 
viscosity and a lower HDL cholesterol than did hypertensive and 
normotensive controls. Taken together, these studies suggest that 
hyperviscosity and altered rheological factors may be involved in 
the pathophysiology of small-vessel ischemic disease. 

Hyperviscosity appears to be associated with the pathogen¬ 
esis and progression of atherosclerosis. There is evidence that 
atherosclerotic and thrombotic arterial lesions are promoted 
by altered rheological factors including fibrinogen, lipoproteins, 
plasma viscosity, hematocrit, red blood cell aggregation, and 
leukocyte activation (Koenig and Ernst, 1992). One hypothesis is 
that increased viscosity creates larger areas of decreased blood 
flow, thereby perpetuating the interaction of atherogenic elements 
with the endothelium (Sloop, 1996). 

However, it remains unclear if increased viscosity is a primary 
cause or a secondary consequence of atherosclerosis (Stuart etal, 
1981). The issue is confounded by the relationship ofwhole-blood 
viscosity to its major determinants, including plasma viscosity and 
fibrinogen, which in turn are modified by the effects of inflamma¬ 
tion, another factor thought to play an important role in atheroge- 
nesis. Shear stress is another confounding rheologic factor related 
to viscosity. Atherosclerotic lesions typically occur in regions of 
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low shear stress, which appears to accelerate endothelial prolifer¬ 
ation, shape change, and apoptosis, and to increase secretion of 
factors that promote vasoconstriction, coagulation, and platelet 
aggregation (Paszkowiak and Dardik, 2003). 

In patients with angiographically confirmed carotid artery 
occlusion found after evaluation for TIA and minor stroke, infarct 
size on CT scans correlated significantly with increased hemat¬ 
ocrit (Harrison etal., 1981). Oder etal. (1998) reported significantly 
higher blood viscosity in patients with sonographic abnormalities 
of one vertebral artery compared to controls. 

Hyperviscosity appears to be associated with carotid atheroscle¬ 
rosis. A longitudinal cohort study found that blood viscosity, 
plasma viscosity, fibrinogen, and hematocrit were all linearly 
related to carotid artery intima-media thickness in men (Lee etal., 
1998). Blood viscosity, plasma viscosity, and fibrinogen remained 
significantly associated on multivariate analysis. Furthermore, a 
cohort study of healthy subjects (246 men and 337 women) found 
that increased plasma viscosity (by 1 standard deviation) was 
associated with carotid atherosclerosis in men (odds ratio [OR] 
2.27, 95% Cl, 1.52-3.38) and women (OR 1.63, 95% Cl, 1.17-2.26) 
(Levenson et al, 2000). The association persisted with very lit¬ 
tle effect on these ORs after adjustment for age, waist-to-hip 
ratio, smoking, hypercholesterolemia, hypertension, diabetes, 
and fibrinogen. 

Spontaneous echo contrast (SEC) seen in the left atrial cavity 
or appendage on echocardiographic examination has generated 
interest as a riskfactor for cardioembolic stroke (Ansari and Maron, 
1997; Daniel et al., 1988). In vitro, static erythrocytes are highly 
echogenic. The swirling smoke-like appearance of SEC is present 
at low shear rates but disappears at high shear rates. Spontaneous 
echo contrast is associated with cardiac abnormalities that pro¬ 
duce low-flow states within the left atrium, including atrial fib¬ 
rillation, mitral stenosis, and left atrial enlargement (Black and 
Stewart, 1993). Most left atrial thrombi are accompanied by SEC 
(Black and Stewart, 1993). 

Spontaneous echo contrast is likely a consequence of protein- 
mediated red blood cell aggregation in the setting of low shear 
forces (Merino etal., 1992). Spontaneous echo contrast in patients 
with nonvalvular atrial fibrillation is independently related to 
hematocrit, fibrinogen concentration, and left atrial dimension 
(Black et al., 1993). In a study of 185 patients with atrial fibrillation, 
46% had SEC. The presence and severity of SEC was positively cor¬ 
related with ESR, low-shear blood viscosity, and anti-cardiolipin 
antibody (Fatkin etal., 1994). In 50 patients with acute or chronic 
cerebrovascular disease, Briley etal. (1994) found that the severity 
of SEC was related to elevated fibrinogen levels and concomitant 
increases in both plasma and serum viscosity; patients with severe 
SEC had double the prevalence of cardioembolic stroke compared 
to those with other causes of stroke. 

Cerebral blood flow and oxygen delivery 

Blood flow to an organ system is determined by the blood vessel 
size, the blood pressure, and the hemorheologic or flow properties 
of blood. In patients with polycythemia vera, CBF is low at high 
hematocrit levels; reducinghematocrit dramatically increases CBF 


(Thomas et al., 1977a, 1977b). Other studies have confirmed an 
inverse relationship between hematocrit and viscosity on the one 
hand, and CBF on the other (Grotta et al., 1982; Thomas 1982). 
These observations have been interpreted as evidence that hyper¬ 
viscosity causes a reduction in CBF, because hematocrit is the 
primary factor influencing blood viscosity. A similar inverse rela¬ 
tionship between fibrinogen levels and viscosity, and between fib¬ 
rinogen levels and CBF, has been shown (Grotta etal., 1982,1985). 

However, other studies have found that the oxygen-carrying 
capacity of the blood is the critical factor in determining CBF, 
reflecting a homeostatic and physiological mechanism designed 
to maintain transport and delivery of oxygen to the brain despite 
falling hematocrit and arterial oxygen content (Harrison, 1989; 
Wade, 1983). 

The rationale behind hemodilution and phlebotomy is that 
reducing the hematocrit lowers whole-blood viscosity, which in 
turn increases CBF to ischemic regions. To be useful, this increase 
in CBF must be sufficiently robust to overcome the diminished 
oxygen-carrying capacity of the blood that results from lower¬ 
ing the hematocrit. The optimal hematocrit for oxygen delivery 
to most tissues has been estimated at 30%-35% (Messmer et al., 
1973; Wood and Kee, 1985). It is unclear if this relationship is true 
for brain (Asplund, 1989); Gaehtgens and Marx (1987) place the 
optimal hematocrit for cerebral oxygen delivery at 42%. Lower¬ 
ing viscosity by reducing hematocrit runs the risk of worsening 
ischemia if the CBF is in fact regulated by homeostatic mecha¬ 
nisms designed to maintain oxygen-carrying capacity or oxygen 
delivery irrespective of viscosity. However, homeostatic regulation 
of CBF maybe deranged in ischemic regions (Asplund, 1989), and 
the effect of hyperviscosity may take on greater importance as the 
physiological response to diminished oxygen delivery is blunted, 
or even exhausted as when vasodilation is maximal in an ischemic 
vascular bed (Grotta, 1987). 

The studies examining oxygen delivery after hematocrit reduc¬ 
tion are conflicting. Wade (1983) reported a small but significant 
increase in oxygen transport to the brain following phlebotomy 
to reduce hematocrit in 20 patients with polycythemia vera, and 
Yamauchi etal. (1993) found that CBF and oxygen transport were 
increased in the hemisphere ipsilateral to carotid occlusion in five 
patients after hemodilution. Henriksen etal. (1981) reported that 
oxygen delivery capacity did not change significantly from base¬ 
line following hemodilution in six patients with slightly elevated 
hematocrit. 

Treatment 

Plasma hyperviscosity syndromes are treated by plasmapheresis 
(plasma exchange) to remove the paraproteins and thereby reduce 
hyperviscosity and hypervolemia. Newer techniques of cell cen¬ 
trifugation, plasma separation, and filtration may also be useful. 

For many years, phlebotomy has been the mainstay for treat¬ 
ment of polycythemia vera, with the goal of keeping the hemat¬ 
ocrit <45% in men and <42% in women. However, phlebotomy 
increases the risk of thrombosis in the first 3-4 years of treatment, 
although it is associated with a better overall survival than is myelo- 
suppression (Berk etal., 1986). 
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Leukapheresis can be used to decrease levels of leukemic cells 
and blood viscosity in patients with leukocytic leukemias (Somer 
and Meiselman, 1993). 

Treatment of SCD is aimed at maintaining the hemoglobin S 
concentration <30% by repeated exchange transfusion, which 
reduces the risk of stroke in SCD (Adams and Brambilla 2005; 
Adams et al., 1998; Pegelow et al., 1995). During acute crises, 
oxygen and intravenous fluids are used in an attempt to improve 
systemic blood flow and CBF. 

Despite some promising results in a few human stroke trials 
(Strand et al., 1984; Wood and Fleischer, 1982), the majority of 
hemodilution studies failed to show significant benefit (Asplund, 
1989; Grotta, 1987; Harrison, 1989). A 2002 systematic review of 18 
trials evaluating hemodilution for acute ischemic stroke found no 
statistically significant benefits of any type of hemodiluting agents, 
but the statistical power to detect effects of hydroxyethyl starch 
and albumin was weak (Asplund, 2002). Many of the hemodilution 
trials may have been flawed by late initiation of therapy beyond the 
therapeutic time window to salvage brain cells within the ischemic 
penumbra. 

Other methods of lowering viscosity in acute stroke or chronic 
cerebrovascular disease could theoretically improve blood flow 
and ameliorate ischemia. Pentoxifylline increases erythrocyte and 
leukocyte deformability, and decreases viscosity (Muller 1979; 
Schneider et al., 1983). Omega-3 fatty acids available in the 
form of fish oils decrease fibrinogen levels (Radack et al., 1989) 
and blood viscosity, and may increase erythrocyte deformabil¬ 
ity (Simopoulos, 1991). They also have lipid-lowering effects on 
triglycerides and total cholesterol (Haglund et al., 1990). However, 
the fibrinogen-lowering effects of omega-3 fish oil consumption 
may not be evident at typical intake levels consumed by the U.S. 
population (Archer etal., 1998). 

Derivatives of fibric acid (hbrates), including clofibrate, gem¬ 
fibrozil, fenofibrate, bezafibrate, and ciprofibrate, are most often 
used to treat elevations of VLDL cholesterol and plasma triglyc¬ 
erides (Miller and Spence, 1998). Fenofibrate and bezafibrate 
reduce plasma fibrinogen, whereas gemfibrozil does not (Dur- 
rington et al., 1998; Elisaf, 2002; Simpson et al., 1985). Koenig 
et al. (1992) found that lovastatin decreased plasma viscosity to 
the same extent as bezafibrate, but did not reduce fibrinogen. 
Heparin-induced extracorporeal LDL precipitation (HELP) is a 
last-resort method to rapidly reduce lipids for patients with med¬ 
ically refractory hypercholesterolemia; it also reduces fibrinogen 
and viscosity (Bosch andWendler, 2004; Walzl etal., 1994). 

Three fibrinolytic snake venoms - ancrod, batroxobin, and cro- 
talase - act primarily by a proteolytic effect on circulating fibrino¬ 
gen (Bell, 1997). Treatment with batroxobin or ancrod increases 
CBF and reduces blood viscosity (Grotta, 1987;Izumi etal., 1996). 
Ticlopidine directly reduced the mean fibrinogen level in a study 
ofpatients with polycythemia vera (Finelliefa/., 1991); in another 
study, ticlopidine reduced fibrinogen levels of both healthy volun¬ 
teers and patients with stable angina (de Maat etal., 1996). 

The thrombolytic agents including streptokinase (Jan et al., 
1990) and urokinase decrease fibrinogen, plasma viscosity, and 
red cell aggregation (Koenig and Ernst, 1992). Tissue plasminogen 
activator reduces fibrinogen and blood viscosity to a lesser degree 


than does streptokinase (Jan etal., 1990). Improved blood fluidity 
may be an additional beneficial effect of these agents beyond their 
primary role in thrombolysis (Moriarty etal., 1988). 

Conclusions 

Hyperviscosity remains an intriguing issue but appears to play a 
limited role in ischemic stroke risk. While the risk of focal brain 
infarction is increased in SCD, and probably in polycythemia, it 
is uncertain if hyperviscosity related to other conditions increases 
stroke risk. Stroke associated with IVIG treatment is rare and pos¬ 
sibly coincidental in patients with underlying risk factors. The 
neurological symptoms that occur with the hematologic hyper¬ 
viscosity syndromes are global, nonspecific for localization, and 
generally reversible with treatment. 

Hyperviscosity, hyperfibrinogenemia, and altered rheological 
factors may increase the risk of ischemic stroke in certain con¬ 
ditions, including large-vessel stenosis, low flow, and hyperten¬ 
sive small-vessel disease. Hyperviscosity may also be important 
in the promotion of atherosclerosis and chronic cerebrovascular 
disease. However, a direct causative role for these rheologic factors 
in ischemic stroke remains speculative. 

Many treatment options are available to decrease viscosity and 
potentially improve flow, but outside of the hematologic hyper¬ 
viscosity syndromes there is no evidence that decreasing viscosity 
or its determinants is effective for treating or preventing acute 
ischemic stroke. Further study is needed to determine the pre¬ 
cise role of hemorheology in the pathogenesis of cerebrovascular 
disease and ischemic stroke subtypes. 
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CALCIUM, HYPERCALCEMIA, MAGNESIUM, 
AND BRAIN ISCHEMIA 

Philip B. Gorelick and Michael A. Sloan 


Introduction 

Calcium is an important constituent of many organs of the body, 
especially bones and teeth. Normal calcium and magnesium ion 
concentrations are crucial for the maintenance of homeostasis 
and cellular function. Calcium is an important mediator of striatal 
and smooth muscle contraction, and is integral in many coag¬ 
ulation and other blood reactions. The concentration of ionized 
calcium is normally much higher in the extracellular spaces than 
within cells. Excessive entry of calcium into cells promotes cell 
death (Choi, 1995; Lee et al., 1999; Orrenius et al., 1992; Siesjo, 
1991; Siesjo and Bengtson, 1989). Hypercalcemia is a relatively 
common biochemical abnormality that is often caused by hyper¬ 
parathyroidism but may also be related to a number of pathologi¬ 
cal entities that include cancer, bone metastases, sarcoidosis, and 
other conditions. Calcium has become recognized as a key medi¬ 
ator of cell death in cerebrovascular pathophysiology (Lee et al., 
1999). As a result, calcium channel antagonists (CCAs) have been 
tested as neuroprotective agents for the treatment of acute stroke 
(Horn and Limburg, 2001; Mohr et al., 1994), as well as to mitigate 
vascular and neuronal effects of vasospasm after subarachnoid 
hemorrhage (Allen et al., 1983; Haley et al., 1994b; Rinkel et al., 
2005; Shibuya et al., 1992). Reviews of the neurological manifes¬ 
tations of hypercalcemia rarely discuss stroke, although such has 
been reported (Gorelick and Caplan, 1985). 

Magnesium is another important metallic ion that sometimes 
functions in a reciprocal way to calcium, a so-called natural cal¬ 
cium antagonist. Magnesium is one of the latest agents to be 
tested in acute ischemic stroke as a neuroprotectant as it may 
exert beneficial effects via multimodal mechanisms such as cere¬ 
bral arterial vasodilation, noncompetitive /V- m e t h y 1- d - asp art ate 
(NMDA) receptor blockade, inhibition of presynaptic excitatory 
neurotransmitter release, potentiation of presynaptic adenosine, 
blockade ofvoltage-gated calcium channels, suppression of corti¬ 
cal spreading depression and anoxic depolarizations, and vascular 
smooth muscle relaxation (Gorelick and Ruland, 2004; Muir, 2000). 
Magnesium has been and is currently being tested for efficacy and 
safety in persons with acute ischemic stroke (Intravenous Magne¬ 
sium Efficacy in Stroke [IMAGES] Investigators, 2004; Saver et al., 
2004). In addition, systemic magnesium deficiency has been asso¬ 
ciated with delayed cerebral ischemia after aneurysmal subarach¬ 
noid hemorrhage (van den Bergh et al., 2003). As a result, mag¬ 
nesium infusions are being tested as a treatment for vasospasm 
after aneurysmal subarachnoid hemorrhage (van den Bergh, 2005; 
Wong ef al., 2006). 


This chapter reviews the role of calcium and magnesium in 
causing and ameliorating brain ischemia, respectively. 

Calcium: theoretical considerations 

Three different effects of hypercalcemia are posited to con¬ 
tribute to the development and severity of brain ischemia: 
(i) hypercalcemia stimulates vascular smooth muscle causing 
vasoconstriction; (ii) increased calcium concentrations enhance 
platelet aggregation and activate the body’s intrinsic coagulation 
system; and (iii) calcium entry into cells, a process enhanced 
by an elevated extracellular-to-intracellular calcium ion gradient, 
causes cytotoxic effects that promote cell death and brain infarc¬ 
tion. Another possible mechanism to explain stroke when there 
is a disturbance in calcium regulation relates to compensatory 
hyperparathyroidism (Sato ef al., 2003). 

Smooth muscle contraction 

The role of calcium in smooth muscle contraction has been bet¬ 
ter understood since clarification of the relationship of calcium 
to magnesium. The roles of calcium and magnesium in relation 
to cerebral arterial vasoconstriction in diverse disease states have 
been reviewed previously (Sloan, 1995; Sloan et al., 1998). Calcium 
is an essential mediator of smooth muscle contraction. Contrac¬ 
tion of the smooth muscle of blood vessels is often initiated by 
stimulation of a-adrenergic receptors, which in turn leads to a 
release of membrane-bound calcium. The increase in calcium ion 
concentration promotes entry of calcium ions through a voltage- 
sensitive calcium channel (VSCC) or receptor-operated calcium 
channel (ROC) into the cytosol of smooth muscle cells (Tymianski, 
1996). Calcium ions bind with the protein calmodulin and activate 
myosin light-chain kinase, which in turn phosphorylates myosin 
heads. This reaction activates adenosine triphosphatase (ATPase), 
an enzyme that cleaves ATP, causing conformational change in 
myosin and stimulating smooth muscle contraction. When cal¬ 
cium is not present, ATPase activity in smooth muscle is extremely 
slight, ATP cannot be cleaved, and the contractile process does not 
occur. This process is slow, and other factors besides calcium ions 
can have large effects on the intensity of the contractile process 
(Guyton, 1986). 

Two major types of CCAs have been used in diverse cere¬ 
brovascular disorders. The dihydropyridine VSCC agents, such 
as nimodipine and nicardipine, have differential effects on cere¬ 
bral arterial tone. In the setting of aneurysmal subarachnoid 
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hemorrhage, nimodipine has been shown to have weak cerebral 
vasodilatory effects (Allen et al. } 1983), whereas nicardipine has 
been shown to significantly reduce the proportion of patients with 
mean flow velocities >200 cm/s by transcranial Doppler ultra¬ 
sonography and angiographic vasospasm (Haley et al., 1994b). It 
is believed that nimodipine may either have a direct cytoprotec- 
tive effect or dilate small collateral channels (Findlay etal., 1991). 
AT877 (or fasudil hydrochloride) inhibits the action of free intra¬ 
cellular Ca 2 + ion, protein kinases A, G, and C, and myosin light- 
chain kinase, as well as antagonizing the actions of endothelin. 
AT877 has been shown to dilate vasospastic arteries in the setting 
of aneurysmal subarachnoid hemorrhage (Shibuya etal., 1992). 

Blood coagulation 

Calcium is essential for blood clotting. It is required at multi¬ 
ple levels within the intrinsic and extrinsic pathways of coagu¬ 
lation to form activated blood coagulation factors and convert 
prothrombin to thrombin. Calcium also plays a role in adeno¬ 
sine diphosphate (ADP)-induced platelet aggregation and par¬ 
ticipates in platelet adhesion reactions to various surfaces. Var¬ 
ious substances have been used to reduce the concentration of 
calcium ions in the blood. With potassium citrate, the citrate ion 
combines with calcium in the blood to cause an un-ionized cal¬ 
cium compound; the lack of ionic calcium prevents coagulation 
(Guyton, 1986). Severe hypercalcemia can trigger diffuse intravas¬ 
cular coagulation (Bauermeister etal., 1967). 

Calcium and cell death 

Entry of calcium into cells is known to contribute to cell death. In 
neurons, the total intracellular calcium content is in the millimo- 
lar range, but its physiological intracellular concentration is very 
low, <0.1 mM. To maintain such a large gradient across the cell 
membrane, the movement of calcium is subject to strict and sen¬ 
sitive control, and multiple mechanisms are involved in its home¬ 
ostasis (Blaustein, 1988; Miller, 1991; Siesjo and Bengtson, 1989). 
An increase in intracellular calcium can be brought about by one 
or more of three mechanisms: activation of influx, curtailment of 
efflux, and reduction in the intracellular calcium-buffering capac¬ 
ity, which includes release from internal stores. In hypoxia and 
ischemia, ATP production fails. The sodium-potassium channels 
fail, resulting in membrane depolarization. Brain hypoxia leads to 
a cascade of metabolic changes. Lactate, potassium, free radicals 
that contain active oxygen species, prostaglandins, leukotrienes, 
and thromboxane A 2 are all present in extracellular fluid in the 
hypoxic zone in much higher than normal levels. These biochem¬ 
ical changes alter cell membrane function and open voltage- 
dependent ion channels causing an increase in intracellular cal¬ 
cium (Siesjo and Bengtson, 1989). Other calcium-related damage 
includes changes in protein phosphorylation, enhanced proteoly¬ 
sis and microtubular disassembly, production of free radicals, and 
mitochondrial calcium overload. The combinations of these pro¬ 
cesses trigger apoptosis and necrotic cell death (Siesjo, 1991; Siesj o 
and Bengtson, 1989). 


With the depolarization of ischemic neurons deprived of oxy¬ 
gen and glucose there is rapid build-up of synaptic-derived 
and depolarized-astrocytic origin glutamate (Lee et al., 1999). 
The build-up of extracellular glutamate leads to overstimulation 
of the oi-amino-3-hydroxy-5-methyl-4-isoxazoleproprionic acid 
(AMPA), kainate, and NMDA-type glutamate receptors with resul¬ 
tant influx of sodium and calcium ions via the channels gated 
by these cell receptors. The elevated intracellular calcium con¬ 
centrations lead to lethal metabolic derangements. NMDA antag¬ 
onists, however, reduce death of cultured neurons lacking oxy¬ 
gen and glucose. Although NMDA-antagonist drugs have shown 
promise in reducing ischemic damage in the laboratory, use of 
these drugs in clinical trials has not proved to be beneficial thus 
far (Gorelick, 2000). Similarly and experimentally, extracellular 
magnesium-dependent, NMDA-induced neuronal swelling may 
occur and increasing extracellular magnesium may reduce neu¬ 
ronal apoptosis by interfering with calcium entry through voltage- 
or agonist-gated channels (Lee etal., 1999). 

An alternate hypothesis 

Atherosclerosis and osteoporosis may be related to one another 
by shared pathogenetic mechanisms (Sato et al., 2003). Hyper¬ 
parathyroidism may result from vitamin D deficiency, and osteo¬ 
porosis occurs in elderly persons. A cycle occurs whereby hyper¬ 
parathyroidism leads to bone resorption and calcium deposition 
in tissues (which include the vessel wall). Reduced bone mineral 
density and osteoporosis have been observed in elderly women 
with stroke. The vascular endothelium is a target of parathy¬ 
roid hormone, and compensatory hyperparathyroidism may be 
characterized by endothelial vasodilatory dysfunction (Sato etal., 
2003). Therefore, endothelial dysfunction and calcium deposition 
could be mechanistically linked to stroke and other cardiovascular 
disease. This relationship, however, may be confounded by other 
cardiovascular risk factors such as hypertension, which may be 
associated with hyperparathyroidism. 

Linking stroke to hypercalcemia - prior reports 

An extensive analysis of the relationship between hypercalcemia 
and stroke was a report by Bostrom and Alveryd (1972) concerning 
their experience in Stockholm. Among 170 patients with hypercal¬ 
cemia referred for parathyroid exploration, nine had well-defined 
strokes. The brain event consisted of a sudden or stepwise onset of 
severe focal deficits, usually hemiparesis or quadriparesis, without 
seizures. Although the patients were not evaluated with angiogra¬ 
phy or modern imaging technology, the events were likely to have 
been brain infarcts. Four of the nine stroke patients had autopsies 
that documented brain infarcts in three patients, occlusion of one 
vertebral and the basilar artery in one patient, and putaminal hem¬ 
orrhage in one hypertensive patient. The average age of these nine 
patients was 71.6 years. Some patients also had hypertension, and 
two had atrial fibrillation. Bostrom and Alveryd (1972) screened 
2268 consecutive internal medicine emergency patients for hyper¬ 
calcemia and identified 12 with hyperparathyroidism, of whom 
three had had recent strokes. They also screened 86 consecutive 


358 





Calcium, hypercalcemia, magnesium, and brain ischemia 


stroke patients by repeated measurements of serum calcium and 
identified two patients with hyperparathyroidism among those 
patients with brain infarction. No patient with intracerebral hem¬ 
orrhage was found to be hypercalcemic. 

Gorelick and Caplan (1985) reviewed their experience with 
hypercalcemia and stroke at the Michael Reese Hospital in 
Chicago. During a 2-year period, among 502 patients seen by the 
stroke service, six stroke patients had hypercalcemia. The patients 
were black, and five of the six were women. All were hypertensive 
and elderly and all had hyperparathyroidism. A parathyroid ade¬ 
noma and parathyroid hyperplasia were found in two patients; 
the others all had elevated parathyroid hormone levels. In four 
patients the hypercalcemia was found at the time of the strokes, 
whereas the other two patients were known to have hypercalcemia 
for 5 and 7 years, respectively. Three patients had single strokes 
with sudden onset of hemiplegia. The other patients had multi¬ 
ple instances of multiple focal neurological symptoms and signs 
that occurred during days, weeks, or months. Two patients had 
decreased consciousness, and two patients had seizures (Gorelick 
and Caplan, 1985). Angiography in three patients showed distal 
branch artery occlusions (two patients), and the third patient had 
severe large artery and distal branch narrowing probably caused 
by vasoconstriction. The patient with intracranial artery vaso¬ 
constriction was a psychotic woman with known longstanding 
hypercalcemia. She had refused treatment. She was lethargic, rest¬ 
less, and confused, and she often hallucinated. She had seizures 
and multifocal findings on examination. After parathyroidectomy 
and normalization of serum calcium levels, the patients improved 
(Gorelick and Caplan, 1985). 

Focal seizures have been noted in hypercalcemic patients 
(Bauermeister et al., 1967; Gorelick and Caplan, 1985; Herishanu 
et al., 1970). One patient with parathyroid adenoma and acute 
pancreatitis died after developing focal seizures that led to stu¬ 
por. Autopsy revealed multiple cerebral microthrombi, scattered 
microinfarcts, and small hemorrhages (Bauermeister etal., 1967). 

Case reports have identified possible vasospasm as the mech¬ 
anism for brain ischemia in some patients with hypercalcemia 
(Streeto, 1969; Walker et al., 1980; Yarnell and Caplan, 1986). 
For example, a 52-year-old woman with hypertension and severe 
hypercalcemia was evaluated for headache and polyuria (Walker 
etal., 1980). She developed a left hemiparesis, fluent aphasia, and 
bilateral Babinski signs. CT scan showed two separate right cere¬ 
bral infarcts in the parasagittal parietal lobe in the anterior cerebral 
artery territory and in the occipital lobe in the posterior cere¬ 
bral artery territory. Angiography showed intense spasm of the 
distal right internal carotid and proximal left anterior cerebral and 
middle cerebral arteries (MCAs). Localized areas of spasm were 
also identified in distal cortical branches, and transit of blood was 
slow through both cerebral hemispheres. After treatment of hyper¬ 
calcemia, she improved clinically, and repeat angiography showed 
a marked decrease in cerebral vasospasm (Walker etal., 1980). The 
patient reported by Yarnell and Caplan (1986) was a 42-year-old 
hypertensive man who had a brainstem stroke that evolved during 
1 week. Two angiograms (performed on days 8 and 20 of the stroke) 
showed an irregular constriction beginning at the midportion of 
the basilar artery extending from the anterior inferior cerebellar 


artery origins to the superior cerebellar artery origins. Serum cal¬ 
cium and parathyroid hormone levels were persistently high. He 
had a parathyroidectomy. Repeat angiography 18 months after the 
stroke showed complete normalization of the basilar artery nar¬ 
rowing, identifying vasoconstriction related to hypercalcemia as 
the explanation for the findings on the initial angiograms (Yarnell 
and Caplan, 1986). 

In some patients, stroke was accompanied by sleepiness, 
restlessness, confusion, stupor, muscle weakness, hallucination, 
altered intellectual function, and psychosis. In a single case report 
by Streeto (1969), a patient with hypercalcemia caused by vita¬ 
min D intoxication had visual hallucinations, ataxia, and hemi- 
anopia. The symptoms in this patient mimicked those often found 
in patients with vertebrobasilar arterial disease. 

Hypercalcemia is most commonly found in older patients and 
is often accompanied by hypertension, which may confound the 
association. It maybe difficult to determine how much of the cere¬ 
brovascular pathology in patients with ischemic stroke is related to 
the elevated serum calcium level and howmuch is better explained 
by coexisting hypertension and atherosclerosis. 

Stroke treatment with calcium antagonists 

Investigators have used CCAs to reduce neurological deficits and 
improve outcome from acute ischemic stroke. Nimodipine, a dihy¬ 
dropyridine compound that diminishes Ca 2 + flux through VSCCs, 
is the prototype agent in this class. One meta-analysis of nine tri¬ 
als suggested that a subgroup of patients treated within 12 hours 
might have better neurological recovery (odds ratio [OR] 0.62,95% 
confidence interval [Cl], 0.44-0.87) (Mohr, et al., 1994). A more 
recent meta-analysis of 29 clinical trials involving CCAs (Horn and 
Limburg, 2001) revealed no effect of nimodipine on poor outcome 
(relative risk [RR] 1.04, 95% Cl, 0.98-1.09) or death (RR 1.07, 95% 
Cl, 0.98-1.17). In trials of good methodological quality, a statisti¬ 
cally significant negative effect of treatment was found (RR 1.09, 
95% Cl, 1.02-1.16). There were no differences in outcome by route 
of administration or time interval between stroke onset and onset 
of treatment. 

Investigators have also actively explored the role of calcium and 
calcium channel blocking agents in contributing to intracranial 
arterial vasoconstriction related to subarachnoid hemorrhage. 
The rationale for the use of calcium antagonists in the preven¬ 
tion or treatment of secondary brain ischemia was based on the 
assumption that these drugs reduce the frequency of vasospasm by 
counteracting the influx of calcium into vascular smooth muscle 
cells. The antivasospastic effect of calcium antagonists was con¬ 
firmed by many in vitro studies that used intracranial arteries and 
also by in vivo assessments of arterial lumen changes after experi¬ 
mental subarachnoid hemorrhage. Clinical trials have been under¬ 
taken with three calcium antagonists: nimodipine, AT877 (Asahi 
Chemical Industry Company, fapan), and nicardipine, of which 
nimodipine was the most extensively used and studied (Feigin 
et al., 1998). In a review of reported randomized controlled trials 
of calcium antagonists in patients with subarachnoid hemorrhage, 
pooled data from trials on all three calcium antagonists, totaling 
2434 randomized patients, showed a significant reduction in the 
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frequency of poor outcome, which resulted from a reduction in the 
frequency of secondary brain ischemia (Feigin etal., 1998). When 
analyzed separately, the nimodipine trials showed a significant 
reduction in the frequency of a poor outcome, but the nicardipine 
and AT877 trials did not. These data suggest that the administra¬ 
tion of nimodipine improves outcome in patients with subarach¬ 
noid hemorrhage, but it is uncertain whether nimodipine acts by 
reducing the frequency of vasospasm or through a neuroprotective 
mechanism, or both. 

In the Nicardipine in Subarachnoid Hemorrhage Trial (Haley 
et al., 1994a), the rates of favorable outcomes and mortality at 
3 months were similar in the nicardipine- and placebo-treated 
groups. In the AT877 study (Shibuya et al., 1992), vasospasm- 
associated low densities on CT scan and the number of patients 
with a poor outcome at 1 month after subarachnoid hemorrhage 
were lower in the AT877 group. These data indicate that while 
nicardipine and AT877 reduce the frequency of vasoconstriction, 
the effect on overall outcome remains uncertain. 

In a more recent review of calcium antagonists in aneurysmal 
subarachnoid hemorrhage from the Cochrane Stroke Group Tri¬ 
als Register, it was concluded that calcium antagonists reduce risk 
of poor outcome and secondary ischemia after aneurysmal sub¬ 
arachnoid hemorrhage; however, the results for the poor outcome 
category were dependent largely on one trial with oral nimodipine 
(Rinkel et al., 2005). Although not beyond doubt, oral nimodip¬ 
ine administered 60 mg every 4 hours is indicated for patients 
with aneurysmal subarachnoid hemorrhage given the background 
of this devastating disorder, whereas intravenous administration 
of calcium antagonists is not recommended. The evidence for 
nicardipine and AT877 therapies in aneurysmal subarachnoid 
hemorrhage is inconclusive (Rinkel etal., 2005). 

Calcium channel blockers have also been used to prophylacti- 
cally treat common migraine and patients with classic and basilar 
artery migraine. The rationale behind the use of calcium chan¬ 
nel blockers in migraine is to prevent vasoconstriction; however, 
the mechanism whereby migraine exerts its deleterious effect or 
may cause stroke is apparently complex (Goadsby et al., 2002; 
Silberstein, 2004). Clues to deciphering migraine mechanisms, 
for example, have been linked to studies of familial hemiplegic 
migraine, an uncommon disorder (Ducros etal., 2001; Moskowitz 
et al., 2004). Mutations in CACNA1 A, an encoder for a neuronal 
calcium channel, have been identified in this condition. 

In the course of our practice, we have described several other 
examples of stroke related to calcium. In one case, we described 
a 40-year-old man who had sudden onset of left-sided weakness, 
slurred speech, and bifrontal headache (Shanmugan etal., 1997). 
He had a medical history of cigarette smoking and calcified bicus¬ 
pid aortic valve. Cranial CT and brain MRI showed findings consis¬ 
tent with a right frontotemporal-parietal area infarction. On cra¬ 
nial CT there was a density consistent with calcium lodged in the 
horizontal portion (M1) of the right MCA, and magnetic resonance 
angiography showed diminished flow in this area. Echocardiogra¬ 
phy showed a heavily calcified bicuspid aortic valve and a signif¬ 
icant gradient across the valve. Surgical replacement of the valve 
with a 27 St. Jude prosthesis revealed a severely stenotic, deformed, 
and heavily calcified bicuspid valve with a gap area suggesting the 


site where a piece of calcium had broken off. Included in our report 
was a review of other cases of calcific embolism. 

In another case, we reported a 26-year-old woman with end- 
stage renal disease, hyperparathyroidism with systemic calciphy- 
laxis (CPX), and stroke (Katsamakis et al., 1998). CPX is a rare 
complication of chronic renal failure and secondary hyperparathy¬ 
roidism that manifests as diffuse calcification of the medial layer 
of small and intermediate arterial blood vessels and may manifest 
with skin necrosis and soft-tissue calcification of connective tissue 
in a variety of systemic organs. This patient presented with mitral 
annular calcification and a right MCA territory ischemic stroke. 
A high-density lesion was seen in the region of the right MCA 
on cranial CT that was thought to represent a calcified cerebral 
embolism originating from the mitral valve. In addition to disor¬ 
ders of calcium metabolism that might be associated with stroke 
in CPX, these patients might have protein S or C deficiencies that 
could lead to stroke. Our report emphasized the possibility of a car¬ 
diac source of calcific embolism causing ischemic stroke in CPX 
patients. 

Dietary calcium and other electrolytes 

Recently, there has been some interest in the role of dietary intake 
of calcium and its relationship to stroke. Iso etal. (1999) prospec¬ 
tively studied calcium, potassium, and magnesium intake and 
the risk of stroke among 85 746 women who filled out dietary 
questionnaires. After 1.6 million-years of follow-up, there were 
690 strokes (129 subarachnoid hemorrhages, 74 intraparenchymal 
hemorrhages, 386 ischemic strokes, and 101 strokes of undeter¬ 
mined type). Women in the highest quintile of calcium intake had 
an adjusted RR of ischemic stroke of 0.69 compared with women in 
the lowest quintile (Iso etal., 1999). These investigators concluded 
that low calcium intake and lowpotassium intake might contribute 
to the increased risk of ischemic stroke in middle-aged women. 
Due to the design of the study, it remains possible that women in 
the lowest quintile of calcium intake had unknown characteristics 
that may have made them susceptible to ischemic stroke. 

Magnesium: theoretical considerations 

Magnesium ions are involved in many essential biochemical reac¬ 
tions by acting as cofactors in protein and energy synthesis, as 
well as influencing many calcium-related processes (Muir, 2000). 
Active transport of magnesium across the blood-brain barrier 
maintains a concentration gradient between cerebrospinal fluid 
(CSF) and serum. In dietary magnesium deficiency, CSF magne¬ 
sium is maintained preferentially. In the central nervous system, 
magnesium is predominantly intracellular, and approximately 
80% is bound to ATP. Magnesium competes with calcium at VSCCs 
on both cell surface and intracellular membranes and is an antag¬ 
onist at N-, P-, and (at high concentrations) L-type VSCCs. It 
may therefore impede calcium-dependent presynaptic glutamate 
release andVSCC-mediated calcium entry into ischemic neurons. 
At resting membrane potentials, opening of, affinity of, and current 
flow through the NMDA receptor is reduced or completely abol¬ 
ished by physiological extracellular magnesium concentrations. 
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Increasing extracellular magnesium concentrations to supraphys- 
iologic levels noncompetitively antagonizes NMDA conductance. 
NMDA receptor activation causes a 20-fold increase in intracellu¬ 
lar magnesium concentration, which may be large enough to block 
L-type VSCCs and sodium and potassium channels. Intracellu¬ 
lar magnesium enhances mitochondrial buffering of intracellular 
free calcium and is required for uptake of calcium by endoplasmic 
reticulum (via membrane Mg 2 +-Ca 2 + ATPase) in ischemic neu¬ 
rons. Brain intracellular magnesium concentrations can be mea¬ 
sured with phosphorus (3IP) magnetic resonance spectroscopy 
(Helpern et al., 1993). Ionized magnesium is believed to exert 
beneficial effects on cardiac contractility and vascular endothelial 
function. 

Favorable vascular and neuronal effects with magnesium 
administration have been reported. Magnesium has direct 
vasodilatory effects on large, medium, and small cerebral ves¬ 
sels, either by antagonizing endothelin-1, neuropeptide Y, and 
angiotensin II in large vessels or as a direct calcium antagonist 
effect in medium-size vessels (Muir, 2000). In a rat model, admin¬ 
istration of magnesium produces a dose-dependent inhibition 
(20%-85%) of cocaine-induced arteriolar spasms and attenuation 
(85%-95%) of venular vasospasm and microhemorrhages (Huang 
et al., 1990). In a rat model of subarachnoid hemorrhage (Ram 
et al., 1991), basilar artery vasospasm was reduced by intra¬ 
venous magnesium sulfate at a mean plasma magnesium level of 
4.32 mmol/L. Administration of magnesium sulfate, but not 
magnesium chloride, has been associated with neuroprotection 
in focal cerebral ischemia models. Use of magnesium chloride 
has been associated with hyperglycemia, which may exacerbate 
ischemic injury (Muir, 2000). 

linking stroke to disturbances of magnesium - 
prior reports 

There are few reports evaluating the relationship between serum 
magnesium levels and stroke. In one study (Altura et al., 1997), 
98 patients were admitted to three hospitals with a diagnosis of 
either ischemic or hemorrhagic stroke. The stroke patients had 
early and significant deficits in serum ionized magnesium, but 
not in total magnesium. Twenty-five percent had >65% reduc¬ 
tions in the mean serum ionized magnesium level compared to 
controls. The stroke patients had significant elevation in the ratio 
of serum ionized calcium to ionized magnesium, a sign sugges¬ 
tive of increased vascular tone and vasoconstriction of intracra¬ 
nial arteries. Application of the low serum concentrations of 
ionized magnesium from stroke patients to cultured canine cere¬ 
bral smooth muscle cells resulted in rapid and marked elevations 
in cytosolic free calcium ions. Coincident with the rise in intra¬ 
cellular calcium, many of the cerebral vascular smooth muscle 
cells contracted causing vasospasm. Reintroduction of normal 
extracellular magnesium ion concentrations failed to either lower 
the intracellular calcium overload or reverse the rounding-up of 
the cerebral vascular cells. These results suggested that changes 
in magnesium metabolism play an important role in stroke syn¬ 
dromes and in the etiology of intracranial artery vasoconstriction 
associated with subarachnoid hemorrhage. 


In one magnetic resonance spectroscopy study (Helpern et al., 
1993), compared with normal controls, ischemic stroke patients 
had a significant 45% increase in intracellular free magnesium con¬ 
centration associated with acidotic brain pH, reduced phospho- 
creatine, and elevated inorganic phosphate. This pattern is con¬ 
sistent with disruption of the biochemical balance between ATP, 
hydrogen ions, and the release of bound magnesium. Because ATP 
has a greater binding affinity for hydrogen ions than for magne¬ 
sium ions, the acidosis likely contributes to the increase in intra¬ 
cellular free magnesium concentration. These acute changes in 
intracellular magnesium may contribute to, or be a marker for, 
ischemic cell injury. 

Recent data suggest that magnesium deficiency may promote 
the development and progression of atherosclerosis and symp¬ 
tomatic large-vessel cerebrovascular disease. In a cohort study of 
323 patients with symptomatic peripheral artery occlusive dis¬ 
ease and intermittent claudication followed for 20 months (Amighi 
et al., 2004), neurologic outcomes (ischemic stroke and carotid 
revascularization) occurred in 35 (11%) patients (15 stroke, 13 
carotid revascularization, 7 stroke with subsequent revascu¬ 
larization). Compared with patients in the highest tertile of 
serum magnesium levels, patients with serum magnesium levels 
<0.76 mmol/L (lowest tertile) had a significantly increased risk for 
neurologic events after adjustment for diabetes mellitus, smok¬ 
ing, serum creatinine, history of myocardial infarction, history of 
stroke, use of diuretic therapy, and use of statin therapy (RR 3.29, 
95% Cl, 1.34-7.90, p = .009). Limitations of this study include a 
combined study endpoint that may reflect differing pathophysio¬ 
logic entities, lack of data on other drugs that may affect magne¬ 
sium levels, and a nonrepresentative study population. 

Evidence is conflicting regarding the role of hypomagnesemia 
in the development of vasospasm after subarachnoid hemorrhage 
(Collignon et al., 2004; van den Bergh, et al., 2003). In one study 
of 107 consecutive patients with aneurysmal subarachnoid hem¬ 
orrhage (van den Bergh et al., 2003), hypomagnesemia occurred 
in 50% of patients. Overall, hypomagnesemia (<0.70 mmol/L) 
on admission was univariately associated with the occurrence of 
delayed cerebral ischemia (crude hazard ratio 2.4,95% Cl, 1.0-5.6) 
and poor outcome (Glasgow Outcome Scale score 1-3; OR 2.5,95% 
Cl, 1.1-5.5), although not in multivariate analysis (delayed cere¬ 
bral ischemia; hazard ratio 1.9, 95% Cl, 0.7-4.7). However, in mul¬ 
tivariate analysis, hypomagnesemia between days 2 and 12 after 
subarachnoid hemorrhage was associated with delayed cerebral 
ischemia (hazard ratio 3.2, 95% Cl, 1.1-8.9). In another study of 
128 consecutive patients with aneurysmal subarachnoid hemor¬ 
rhage (Collignon et al., 2004), there was no difference in mean, 
minimal, or maximal serum magnesium level in the physiologic 
range between patients with or without delayed cerebral ischemia 
or between patients with severe, moderate, or no delayed cerebral 
ischemia. 

Stroke treatment with magnesium 

Muir (2000) reviewed five small pilot trials of intravenous magne¬ 
sium in acute ischemic stroke. No adverse cardiovascular effects 
were reported. 
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The IMAGES Trial (IMAGES Investigators, 2004) enrolled 2386 
patients within 12 hours of symptom onset to receive 16 mmol of 
magnesium sulfate intravenously over 15 minutes, followed by 65 
mmol over 24 hours, or placebo. Primary outcome was a global 
endpoint statistic expressed as the common OR for death and dis¬ 
ability at 90 days. Predefined subgroup analyses were for <6 hours 
versus >6 hours, ischemic versus nonischemic strokes, and cor¬ 
tical versus noncortical strokes. Median time to treatment was 7 
hours, with only 3% treated within 3 hours of symptom onset. 
In the intention-to-treat analysis, the primary outcome was not 
improved by magnesium (ORO.95,95% Cl, 0.80-1.13, p = . 59). Mor¬ 
tality was slightly higher in the magnesium-treated group (hazard 
ratio 1.18,95% Cl, 0.97-1.42, p= .098). Surprisingly, subgroup anal¬ 
yses revealed that there was a significant reduction in poor out¬ 
comes in the noncortical stroke group (OR 0.75,95% Cl, 0.58-0.97, 
p = .026), with a significant interaction between this subgroup 
and treatment (p = .011). Study limitations include lack of a reli¬ 
able measure of initial stroke severity, median time to treatment, 
and lack of demonstration of adequate drug concentration in the 
serum or in ischemic tissue (Goldstein, 2004). 

The Field Administration of Stroke Therapy-Magnesium (FAST- 
MAG) pilot trial of 20 stroke patients (Saver et al., 2004) showed 
that held administration of magnesium can begin within a median 
of 100 minutes of symptom onset without occurrence of serious 
adverse events. 

In the phase II Magnesium Sulfate in Aneurysmal Subarach¬ 
noid Hemorrhage (MASH) Trial (van den Bergh, 2005) 283 patients 
were randomized within 4 days of onset of aneurysmal subarach¬ 
noid hemorrhage to receive a continuous intravenous dose of 
64 mmol/day or placebo until 14 days after occlusion of the 
aneurysm. The primary outcome, delayed cerebral ischemia (new 
hypodense lesion on CT compatible with clinical features of 
delayed cerebral ischemia), was analyzed by intention-to-treat 
methodology. Magnesium treatment reduced the risk of delayed 
cerebral ischemia (hazard ratio 0.66, 95% Cl, 0.38-1.14) and poor 
outcome (hazard ratio 0.77, 95% Cl, 0.54-1.09). A pilot study 
(Wong et al., 2006) randomized 60 patients to receive magne¬ 
sium sulfate 80 mmol/day or saline for 14 days. Intravenous 
nimodipine was allowed as a concomitant therapy. The duration of 
sonographic vasospasm, dehned as MCA mean flow velocities 
>120 cm/s or a Lindegaard index > 3, was shorter in the 
magnesium-treated group (p c.01). Symptomatic vasospasm was 
reduced from 43% (placebo) to 23% (magnesium), p = .06. How¬ 
ever, there was no difference in functional recovery or Glasgow 
Outcome Scale score. 

Conclusion 

Case series suggest an association between hypercalcemia, 
ischemic stroke, and reversible cerebral vasoconstriction. The sta¬ 
tus of hypomagnesemia as a risk-factor for large-vessel ischemic 
stroke, or stroke in general, is not established. During acute cere¬ 
bral ischemia, calcium overload of neurons and vascular smooth 
muscle cells is associated with ischemic cell injury and death. 
Administration of CCAs and magnesium has not yet been shown 
to improve outcome from acute ischemic stroke. However, there is 


some benefit from the use of the dihydropyridine CCA nimodip¬ 
ine for improving outcome after aneurysmal subarachnoid 
hemorrhage. Ongoing studies of prehospital administration of 
magnesium for acute ischemic stroke and intravenous magne¬ 
sium during the period of risk for vasospasm after aneurysmal 
subarachnoid hemorrhage will, it is hoped, prove to be efficacious 
and safe as treatments for these specific stroke types. 
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STROKE AND SUBSTANCE ABUSE 

John C. M. Brust 


The term “substance abuse” refers to the nonmedical use of an 
agent in a manner perceived as harmful. The use may or may 
not produce psychological dependence (addiction) or physical 
dependence (resulting in physical symptoms and signs upon with¬ 
drawal), and the agent may be either illicit or legally available. 
When alcohol and tobacco are included, countless people world¬ 
wide are substance abusers, and many of them are at increased 
risk for ischemic or hemorrhagic stroke (Brust, 2004a,b). 

Opiates 

Opiate drugs include a large number of agonists (e.g. morphine), 
antagonists (e.g. naloxone), and mixed agonist/antagonists (e.g. 
pentazocine). The most widely abused opiate is the agonist heroin, 
which is injected intravenously or subcutaneously or, especially 
since the AIDS epidemic, sniffed or smoked. Among parenteral 
users infectious endocarditis is a major risk, especially with 
Staphylococcus aureus and Candida, and brain emboli are com¬ 
mon. Strokes can be ischemic or hemorrhagic, the latter caused 
by rupture of either a septic “mycotic” aneurysm or nonaneurys- 
mal infectious vasculitis. Unlike saccular “berry” aneurysms, sep¬ 
tic aneurysmal rupture is often preceded by insidiously progres¬ 
sive neurological or systemic symptoms. Septic aneurysms may 
or may not disappear during appropriate antimicrobial therapy, 
and they can rupture during or following such treatment. It has 
been recommended, therefore, that septic aneurysms be angio- 
graphically sought in patients with endocarditis and suspicious 
neurological symptoms and that surgically accessible aneurysms 
be excised (Brust etal., 1990). 

Hemorrhagic stroke in heroin users may be a consequence 
of hepatitis with liver failure and deranged clotting or of heroin 
nephropathy with uremia or malignant hypertension. Ischemic 
stroke may be a complication of meningitis or AIDS (Brust, 1997a). 

A number of reports describe ischemic stroke in young heroin 
users without evidence of endocarditis, additional drug use, or 
other risk factors (Brust and Richter, 1976). In some patients, 
cerebral infarction was associated with loss of consciousness 
after intravenous injection of heroin. In others, ischemic stroke 
occurred in active users but did not follow overdose or a recent 
injection. Angiography in some users suggested either large- or 
small-vessel arteritis (unconfirmed pathologically). Suggestive of 
hypersensitivity were eosinophilia, hypergammaglobulinemia, a 
positive direct Coombs test, and a positive latex fixation test. In 
one patient, hemiparesis was preceded by symptoms suggesting 
anaphylaxis (Woods and Strewler, 1972). Ischemic stroke has also 


followed heroin sniffing (Bartolomei ef al ., 1992). A young woman 
had an intracerebral hemorrhage within minutes of intravenous 
heroin use (Knoblauch etal., 1983). 

Stroke in heroin users could have a number of different mech¬ 
anisms. Overdose causes hypoventilation and hypotension, and 
bilateral globus pallidus infarction is often found at autopsies of 
heroin users. Direct toxic injury from heroin or an adulterant is 
another possibility. A variety of pharmacologically active and inac¬ 
tive ingredients find their way into heroin preparations (Caplan 
etal., 1982a). 

Embolization of foreign material has not been documented in 
heroin users but is well recognized in users of other agents, includ¬ 
ing opiates. During the 1970s, mixtures of pentazocine (Talwin) 
and tripelennamine (Pyribenzamine) - so-called “Ts and Blues” - 
became a popular form of drug abuse in the American Mid¬ 
west. Oral tablets were crushed, suspended in water, and injected 
intravenously. Brain infarcts and hemorrhages were a frequent 
complication, and autopsies revealed talc and cellulose crystals in 
both pulmonary and brain arterioles. Cerebral angiography often 
showed arterial “beading,” consistent with either multiple emboli 
or a vasoconstrictive or vasculitic reaction to the foreign material 
(Caplan etal., 1982b). 

Foreign body embolism was also suspected in cases of ischemic 
stroke associated with parenteral use of paregoric, oral meperi¬ 
dine, and hydromorphone (Dilaudid) suppository (Brust, 2004b). 

Heroin myelopathy is probably ischemic in some cases. Sev¬ 
eral reports describe acute paraparesis, sensory loss, and uri¬ 
nary retention, occurring shortly after injection (and in one case 
sniffing) and often following a period of abstinence (McCreary 
et al., 2000). Symptoms were sometimes present on awakening 
from coma, suggesting hypotension and border-zone infarction. 
In some patients, proprioception and vibratory sensation were 
spared, suggesting infarction in the territory of the anterior spinal 
artery (Pearson etal., 1972). In one case, small-vessel arteritis was 
found histologically Qudice etal., 1978). 


Amphetamine and related agents 

Amphetamine-like psychostimulants include dextroampheta¬ 
mines, methamphetamines, methylphenidate (Ritalin), ephed- 
rine, pseudoephedrine, phenylpropanolamine (PPA), and a large 
number of other agents marketed as decongestants or appetite 
suppressants. Ischemic or hemorrhagic stroke is awell-recognized 
complication of these drugs. 
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Dextroamphetamines and methamphetamine are taken orally, 
injected, sniffed, or smoked in a crystalline form (“ice,” "crystal 
meth”). Strokes common to any parenteral drug use are encoun¬ 
tered. Amphetamine overdose causes delirium, hypertension, 
malignant hyperthermia, vascular collapse, and death, and at 
autopsy there are cerebral edema and petechiae. Gross intracra¬ 
nial hemorrhage, however, has more often been associated with 
amphetamine use in the absence of other signs of overdose. 

More than 50 such patients have been reported. Routes 
of administration were intravenous, oral, or by inhalation 
(Brust, 2004b). Most involved dextroamphetamines or metham- 
phetamines, but single patients used pseudoephedrine or diethyl- 
propion. Chronic use predominated. Severe headache usually 
occurred within minutes of drug use, and in most patients, blood 
pressure was elevated. CT showed either intracerebral or sub¬ 
arachnoid hemorrhage. In several patients, cerebral angiographic 
‘beading’ was present, and cerebral vasculitic changes were occa¬ 
sionally found at autopsy. Some of these strokes were therefore 
probably secondary to acute hypertension, some to acute vasculi¬ 
tis, and some to both. 

Amphetamine-induced cerebral vasculitis has also caused 
ischemic stroke. In one report, 14 polydrug abusers - all but two 
of whom used intravenous methamphetamines - developed a 
necrotizing arteritis that resembled polyarteritis nodosa, with sys¬ 
temic symptoms and signs and, in some, infarction or hemor¬ 
rhage affecting the cerebrum, cerebellum, or brainstem (Citron 
etal., 1970). Such brain lesions have been found pathologically in 
other amphetamine and methamphetamine abusers (Bostwick, 
1981; Brust, 2004a). In some reports, however, vasculitis was pre¬ 
sumed on the basis of angiographic “beading,” which could have 
other causes, including multiple emboli, vasospasm, and sub¬ 
arachnoid hemorrhage (Rothrock et al., 1988; Rumbaugh et al., 
1971). 

These reports are anecdotal. Epidemiological evidence for an 
association of amphetamine/methamphetamine with stroke is 
limited to apopulation-based case-control study ofyoung women, 
in which the drugs were a risk factor for combined hemorrhagic 
and ischemic stroke (odds ratio 3.8) (Petitti etal., 1998). 

Experimental studies with monkeys and rats confirmed that 
cerebral vasculitis - often involving vessels smaller than those 
affected by polyarteritis nodosa - can follow either single or 
repeated intravenous administration of either methamphetamine 
or methylphenidate (Rumbaugh et al., 1976). It is unclear if such 
lesions are the result of direct toxicity or hypersensitivity. 

Numerous case reports described ischemic and hemorrhagic 
stroke in users of the decongestant and appetite suppressant 
PPA (Lake et al., 1990). A case-control study found that appetite 
suppressants containing PPA significantly increased the risk of 
hemorrhagic stroke in women (no men in the study used PPA- 
containing diet pills) and that there was a trend toward increased 
risk of hemorrhagic stroke in both women and men using PPA- 
containing decongestants (Kernan et al., 2000). Following this 
report, the U.S. Food and Drug Administration (FDA) ordered 
products containing PPA to be withdrawn from the market. 

Anecdotally associated with ischemic or hemorrhagic stroke 
are the decongestants ephedrine and pseudoephedrine and 


the appetite suppressants phentermine, phendimetrazine, 
diethylpropion, and fenfluramine (Bruno etal., 1993; Derby ef al., 
1999; Harrington et al., 1983; Loizou et al., 1982). Fenfluramine 
and dexfenfluramine were removed from the market following 
reports of valvular heart disease in users (Jick et al., 1998). 

“Food supplements” containing ephedra (Ma Huang) were 
banned by the FDA following a case-control study that found a 
trend toward an association of these products with hemorrhagic 
stroke (Morganstern etal., 2003). 

MDMA (3,4-methylenedioxymethamphetamine, “ecstasy”), a 
drug with both psychostimulatory and hallucinogenic proper¬ 
ties, became increasingly popular during the 1980s, especially 
on college campuses. Both ischemic and hemorrhagic strokes 
are described in users (Auer et al., 2002; Reneman et al., 2000; 
Schifano et al., 2003). Microembolization of talc to brain and 
retina was reported following intravenous (and inadvertent carotid 
artery) injection of crushed methylphenidate tablets (Chillar and 
Jackson, 1981; Mizutami etal., 1980). 

Cocaine 

Although cocaine’s psychostimulatory effects are similar to 
those of amphetamine, its mode of action is different. Unlike 
amphetamine, cocaine blocks reuptake of monoamine neuro¬ 
transmitters at synaptic nerve endings by binding to specific trans¬ 
porter proteins. Also unlike amphetamine, cocaine is a local anes¬ 
thetic. Whether these different pharmacological properties confer 
different degrees of risk or different pathophysiological mecha¬ 
nisms for stroke is unclear. 

The first report of stroke associated with cocaine use described 
cerebral infarction following intramuscular use (Brust and Richter, 
1977). A handful of reports then described both ischemic and 
hemorrhagic stroke in intranasal users of cocaine hydrochlo¬ 
ride. During the 1980s, cocaine production shifted to smokable 
alkaloidal “crack,” which unlike cocaine hydrochloride can be 
administered in huge doses continuously over hours or even 
days. The resulting epidemic of use was accompanied by an 
upsurge in reports of cocaine-related stroke (Brust, 2004a,b; Kaku 
and Lowenstein, 1990; Levine et al., 1990, 1991). By 2003, more 
than 600 cases had been described, about half ischemic and half 
hemorrhagic. 

Reports of brain ischemia include transient ischemic attacks 
(TIAs) and infarction of cerebrum, thalamus, brainstem, spinal 
cord, and retina. Infarction has occurred in pregnant women and 
in neonates whose mothers used cocaine shortly before delivery. 
As with amphetamine, cerebral vasculitis has sometimes been 
inferred on the basis of angiographic changes. In only five cases, 
however, was cerebral vasculitis confirmed pathologically, and in 
each case it was slight; most autopsies have shown histologically 
normal cerebral vessels, including cases with angiographic 
“beading.” 

Hemorrhagic strokes have been both intracerebral and sub¬ 
arachnoid, and of those patients receiving angiography, nearly 
half had vascular malformations or saccular aneurysms. Cocaine 
increases the likelihood of vasospasm after aneurysm rup¬ 
ture (Conway and Tamargo, 2001). Other hemorrhages include 
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bleeding into embolic infarction or glioma. Intracerebral hemor¬ 
rhages have occurred in postpartem women and their offspring. 

Two case-control studies did not find any association between 
crack cocaine use and stroke. In one, information regarding acute 
crack use was missing in more than half the subjects and con¬ 
trols, and nearly half of the controls with information available 
had used crack (Qureshi etal., 1997). In the other study the diagno¬ 
sis of stroke was based on physician report, and “lifetime cocaine 
use” was based on patient report (Qureshi etal., 2001). Two other 
case-control studies found that cocaine was a strong risk fac¬ 
tor for stroke. One involved hemorrhagic and ischemic stroke in 
women aged 15-44 years (odds ratio 13:9) (Petitti etal., 1998). The 
other involved aneurysmal subarachnoid hemorrhage in men and 
women aged 18-49 years (odds ratio 24:97) (Broderick etal., 2003). 

Cocaine causes vasoconstriction by blocking reuptake of nore¬ 
pinephrine at sympathetic nerve endings. Pharmacologically 
active metabolites perhaps account for ischemic strokes that occur 
hours or even days after cocaine use (Herning etal., 1999). Coro¬ 
nary artery constriction causes myocardial infarction and with 
it the risk of cardioembolic stroke. (Cocaine also causes a car¬ 
diomyopathy probably independent of coronary artery constric¬ 
tion [Chokshi et ai, 1989].) Systemic artery constriction causes 
acute hypertension, predisposing to rupture of underlying vascu¬ 
lar malformations or aneurysms. Cerebral artery constriction - a 
property verified angiographically in human volunteers (Kaufman 
et al., 1998) - causes cerebral ischemia. Infarcts are sometimes 
multiple and carry a high risk of hemorrhagic transformation if 
cerebral vasoconstriction clears while systemic hypertension is 
still present (Green et al, 1990). Animal studies, however, reveal 
greater complexity; cerebral vasodilatation as well as vasocon¬ 
striction occurs, depending on species and whether the drug 
is administered intravenously or applied topically (Diaz-Tejedor 
etal., 1992). 

In vitro studies have described both aggregation and deaggre¬ 
gation of platelets by cocaine (Jennings etal., 1993). Other cocaine 
effects involve protein C, antithrombin III, nuclear factor-KB, acti¬ 
vator protein-1, and von Willebrand factor. Synergism between 
cocaine and ethanol is also recognized; in the presence of ethanol, 
cocaine is metabolized to cocaethylene, which binds more power¬ 
fully than cocaine itself to monoamine transporter proteins (Brust, 
2004a). 

Relevant to cocaine and cerebrovascular disease are contro¬ 
versies over whether chronic cocaine use has long-term adverse 
effects on cognition, to what degree in utero exposure to cocaine 
affects psychomotor development, and whether such effects are 
vasculopathic rather than directly toxic (Brust, 2004a). 

Phencyclidine 

Phencyclidine (PCP, “angel dust”) can be smoked, eaten, or 
injected. Low doses produce euphoria; higher doses produce psy¬ 
chosis. PCP’s principal action is to block excitatory IV-methyl-D- 
aspartate receptors. The basis of its circulatory effects is unclear 
but might involve specific receptors on blood vessels. Hyperten¬ 
sion can appear either early or late during intoxication, and hem¬ 
orrhagic stroke has either immediately followed use or occurred 


after a delay of a few days. Temporally related hypertensive 
encephalopathy is also described (Boyko etal., 1987; Eastman and 
Cohen, 1975). Transient monocular blindness occurred within a 
few hours of smoking phencyclidine (Ubogu, 2001). 

LSD 

The hallucinogenic drug D-lysergic acid diethylamide (LSD) is 
an ergot which in high doses causes severe hypertension and in 
vitro produces spasm of cerebral vessel strips. Ischemic stroke has 
occurred up to several days after LSD use, with cerebral angiogra¬ 
phy showing either (i) progressive narrowing and occlusion of the 
internal carotid artery or (ii) more widespread intracranial arterial 
“beading” (Sobel etal., 1971). 

Marijuana 

Reports of ischemic stroke in marijuana users are mostly uncon¬ 
vincing as to causality (Alvaro etal., 2002). Hypotension and cere¬ 
bral vasospasm have been proposed as mechanisms, but neither 
has been documented in clinical reports. In humans, marijuana 
has unpredictable effects on cerebral blood flow (Mathew and Wil¬ 
son, 1991). 

Sedatives 

Barbiturates, benzodiazepines, and other sedative drugs can cause 
cerebral infarction as a result of respiratory depression, hypoten¬ 
sion, and decreased cerebral blood flow, but ischemic or hemor¬ 
rhagic stroke has not otherwise been reported. 

Inhalants 

Inhaling the intoxicating vapors of household and industrial prod¬ 
ucts is especially common among children. Death results from 
accidents, violence, suffocation, aspiration, and cardiac arrhyth¬ 
mia. Cerebral infarction occurred in a 12-year-old while sniffing 
glue containing trichloroethylene (Parker et al., 1984).Aneurysmal 
rupture occurred during orgasm following amyl nitrite inhalation 
(Nudelman and Salcman, 1987). 

Ethanol 

The relationship between ethanol consumption and coronary 
artery disease follows a “J-shaped curve” - that is, mild- 
to-moderate drinking decreases risk whereas heavy drinking 
increases risk (Ahlawat and Siwach, 1994). Heavy drinkers are 
therefore indirectly at increased risk for cardioembolic stroke as an 
aftermath of myocardial infarction. Ethanol also directly precipi¬ 
tates cardiac arrhythmia (“holiday heart"), and thromboembolism 
is a prominent feature of alcoholic cardiomyopathy. 

Stroke independent of ethanol’s cardiac effects has been exten¬ 
sively studied. Finnish investigators reported a temporal associa¬ 
tion of heavy drinking and both ischemic and hemorrhagic stroke, 
but those studies were retrospective and the hndings could not be 
duplicated by others (Gorelick el al., 1989). 

The relationship of chronic ethanol use and stroke has been 
addressed in many case-control and cohort studies. Contradictory 
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findings are the result of differently selected endpoints, e.g. total 
stroke, ischemic stroke, hemorrhagic stroke, stroke mortality; 
amount and duration of ethanol consumption; correction for other 
risk factors, e. g. hypertension and tobacco; ethnicity and socio¬ 
economics of populations being studied; and selection of controls. 
In 2003, a meta-analysis of 19 cohort studies and 16 case-control 
studies over a period of two decades revealed that, compared with 
abstention, consumption of 12-24 g of ethanol per day reduced the 
risk of ischemic stroke (relative risk 0.72) but not of hemorrhagic 
stroke. Consumption of more than 60 g/day increased the risk of 
both ischemic stroke (relative risk: 1.69) and hemorrhagic stroke 
(relative risk 2.18). Thus, as with myocardial infarction, aj-shaped 
association exists for ethanol consumption and risk for ischemic 
stroke, whereas a more linear association exists for ethanol con¬ 
sumption and risk for hemorrhagic stroke (Reynolds etal., 2003). 

The Northern Manhattan Stroke Study reported that drinking 
up to two drinks daily protected against ischemic stroke in whites, 
Hispanics, and African-Americans; higher doses increased risk. (A 
“standard drink” was defined as 120 mL of wine, 360 mL of beer, 
or 45 mL of liquor.) There was no difference in the effect of wine, 
beer, or liquor (Sacco etal., 1999). 

Studies with angiography and ultrasound parallel these clinical 
observations. Heavy ethanol consumption increases the risk of 
carotid artery atherosclerosis, whereas low ethanol consumption 
decreases it (Palomaki etal., 1993). 

Multiple mechanisms probably explain the complex associa¬ 
tion of ethanol and stroke. Ethanol acutely and chronically raises 
blood pressure (Beilin, 1995). It lowers blood levels of low-density 
lipoproteins and raises the levels of high-density lipoproteins. 
Ethanol acutely decreases fibrinolytic activity, increases factor 
VIII levels, and increases platelet reactivity to adenosine diphos¬ 
phate. It also decreases plasma fibrinogen levels, increases lev¬ 
els of prostacyclin, decreases platelet function, and stimulates 
endothelial release of endothelin (Brust, 2004a). Alcoholic liver 
disease impairs clotting. During withdrawal, hemoconcentration 
and rebound platelet hyperaggregability occur. Acute ethanol 
intoxication causes cerebral vasodilatation, yet ethanol in vitro 
constricted cerebral artery segments, and in rats ethanol con¬ 
stricted cerebral arterioles (Gordon etal., 1995). 


Tobacco 

Smoking is a major risk factor for coronary artery and periph¬ 
eral vascular disease. Case-control and cohort studies show that, 
independent of these effects, tobacco increases the risk for both 
ischemic and hemorrhagic stroke (Hawkins etal., 2002; Kurth etal., 
2003). Smokeless tobacco also carries risk (Asplund et al., 2003). 
In women, the risk of ischemic and hemorrhagic stroke is greater 
in those also taking oral contraceptives. As with ethanol, multiple 
mechanisms probably contribute. Smoking aggravates atheroscle¬ 
rosis and reduces the blood’s oxygen-carrying capacity. Nicotine 
damages endothelium, and acute smoking raises blood pressure. 
Smoking also increases platelet reactivity, inhibits prostacyclin for¬ 
mation, and raises blood fibrinogen levels. Smoking-induced poly¬ 
cythemia increases blood viscosity (Brust, 2004a). 
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CANCER AND PARANEOPLASTIC STROKES 


Rogelio Leira, Antonio Davalos, and Jose Castillo 


Introduction 

Paraneoplastic syndromes are a variety of disorders that accom¬ 
pany the clinical evolution of tumors that are not produced directly 
by the primary neoplasm, by its metastasis, or as a result of diag¬ 
nostic or therapeutic procedures. These syndromes may evolve 
in parallel with the development of the tumor, but may also be 
independent of it and even precede the initial diagnosis of neo¬ 
plasm. Paraneoplastic syndromes are detected in about 7%-10% 
of patients at the time the tumor is diagnosed, although almost 
all patients with a malignant tumor develop a paraneoplastic syn¬ 
drome during the course of its evolution (Nathanson and Hall, 
1997). 

Paraneoplastic syndromes can affect any part of the central ner¬ 
vous system (CNS). Occasionally, paraneoplastic syndromes arise 
from causal lesions in the CNS or peripheral nervous system, but 
neurological manifestations are more commonly due to lesions 
in organs outside of the CNS. The classic paraneoplastic neuro¬ 
logical syndromes fall into the first group, whereas in the second 
group, the neurological manifestations are the result of blood ves¬ 
sel changes, blood-forming elements, hemostasis and coagulation 
disorders, metabolic changes, and infections (Table 50.1). Cere¬ 
brovascular paraneoplastic manifestations are included in the sec¬ 
ond group of neurological paraneoplastic syndromes. 

Frequency 

The association between neoplasm and atherothrombotic disease 
is recognized from the first clinical observations of Trosseau from 
more than 100 years ago (Rickies and Edwards, 1983). Cerebrovas¬ 
cular disease is the second most common cause of CNS disease 
found at autopsy of patients with cancer, and must be consid¬ 
ered in any patient who has cerebral symptoms. Fifteen percent 
of patients with cancer present cerebrovascular disorders related 
to neoplastic disease, and half of these patients have clinical 
symptoms before dying. In some patients, the cerebrovascular 
manifestations are due to the tumor itself, its metastases, or to 
complications resulting from the diagnostic procedures or from 
treatment. However, in most cases, the paraneoplastic origin is 
the most common cause of strokes (Graus et al., 1985; Patchell 
and Posner, 1985). 

Etiopathology 

In all primary neurological paraneoplastic syndromes, the patho¬ 
genesis is autoimmune. Proteins normally expressed only in the 


CNS are expressed ectopically by the tumor. However, the immune 
system does not recognize these proteins as its own and produces 
antibodies against the proteins that destroy antigenically vulner¬ 
able neurons (Dalmau and Posner, 1997). 

In the secondary neurological paraneoplastic syndromes, which 
are responsible for most cerebrovascular diseases that appear in 
patients with cancer, the pathogenesis has been linked to autoim¬ 
munity or to the release of procoagulant substances by the tumor. 
Some of them are associated with intracerebral hemorrhages, oth¬ 
ers with cerebral infarcts, and others with both (Table 50.2). 

Microangiopathic hemolytic anemia, thrombocytopenia, von 
Willebrand’s disease, antiphospholipid syndrome, and vasculi¬ 
tis all fall within the first group of etiopathological mechanisms. 
Microangiopathic hemolytic anemia, usually accompanied by 
thrombocytopenia, is an autoimmune disease that is sometimes 
associated with mucinous adenocarcinomas most often of the 
stomach, breast, and lung (Staszewski, 1997). 

Thrombocytopenia of paraneoplastic origin may also be 
because of autoimmune thrombocytopenia accompanying 
chronic lymphocytic leukemia, B-cell lymphomas, and less com¬ 
monly, in some solid tumors (lung and rectum), it may be because 
of thrombotic thrombocytopenic purpura (Steingart, 1988). In 
these cases, deposits of fibrin and platelet aggregates are found 
within the brain’s microcirculation. These give rise to microinfarcts 
and subdural and intracerebral hemorrhages. An acquired form 
of von Willebrand’s disease has been reported as a paraneoplastic 
manifestation in patients with lymphoproliferative and myelopro¬ 
liferative neoplasms and with systemic hemorrhages (Mohri et al ., 
1987). 

The association of high levels of anti-phospholipid antibodies 
with arterial and venous thrombosis is called the antiphospholipid 
syndrome, which may be primary or associated with other diseases 
such as neoplasms (Harris et al., 1985; McNeil et al., 1991). Even 
though the link between the presence of anti-phospholipid anti¬ 
bodies and thrombotic phenomena has clearly been established, 
we still do not know what the pathogenic mechanism is. One of 
the most widely accepted theories is based on the possible effects 
of the binding of anti-phospholipid antibodies with phospho¬ 
lipids that make up the cellular membranes of the endothelium 
and platelets. The inhibiting effect of 132-glycoprotein I on blood 
coagulation and platelet aggregation would be neutralized by anti¬ 
phospholipid antibodies (Khamashta et al., 1990). Antiphospho¬ 
lipid syndrome might cause occlusion of the intracerebral arteries 
and of the large intracranial venous sinuses (Coull et al., 1992; 
Russell and Enevoldson, 1993). 
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fable 50.1 Classification of neurological paraneoplastic 
syndromes 


Primary neurological paraneoplastic syndromes 

Disorders of the brain and cranial nerves 

Encephalomyelitis 

Subacute cerebellar degeneration 

Opsoclonus/myoclonus syndrome 

Limbic encephalitis and other dementias 

Brainstem encephalitis 

Optic neuritis 

Cancer-associated retinopathy 
Disorders of the spinal cord 
Necrotizing myelopathy 
Subacute motor neuropathy 
Stiff person (man) syndrome 
Disorders of the peripheral nerve 
Sensorimotor polyneuropathy 
Subacute sensory neuronopathy 
Guillain-Barre syndrome 
Autonomic neuropathy 
Disorders of the neuromuscular union 
Lambert-Eaton myasthenic syndrome 
Myasthenia gravis 
Muscle disorders 
Dermatomyositis, polymyositis 
Carcinoid myopathies 
Myotonia 

Cachectic myopathy 

Secondary neurological paraneoplastic syndromes 

Disorder of the vessels 
Vasculitis 

Disorders of blood-forming elements 

Thrombocytopenia 

Thrombocytosis 

Hemostasia and coagulation disorders 
Disseminated intravascular coagulation 
Nonbacterial thrombotic endocarditis 
Acquired von Willebrand’s disease 
Hyperviscosity syndrome 
Metabolic changes 
Infections 


Vasculitis is a heterogeneous group of multisystem processes 
characterized by inflammation of the arterial wall. These inflam¬ 
matory arteriopathies may lead to ischemia of the CNS by two dif¬ 
ferent mechanisms that are not mutually exclusive. First, arterial 
disease provides the right conditions for thrombosis to develop. 
Second, the change in the arterial wall can itself, though less com¬ 
monly, cause stenosis of the vascular lumen to the point that it is 
destroyed. When vasculitis appears in association with malignant 
tumors, antigens deriving from the tumor itself play a part in the 
formation of immune complexes that are deposited on the vascu¬ 
lar wall, causing inflammation. The clinical symptoms that arise 


Table 50.2 Etiopathology of paraneoplastic strokes 


Intracerebral hemorrhage 

Mediated by autoimmune mechanism 
Autoimmune thrombocytopenia 
Thrombotic thrombocytopenic purpura 
Acquired von Willebrand’s disease 
Mediated by the release of procoagulant substances 
Disseminated intravascular coagulation 
Hyperviscosity due to myeloproliferative syndrome 
Cerebral infarct 

Mediated by autoimmune mechanism 
Microangiopathic hemolytic anemia 
Acquired von Willebrand’s disease 
Antiphospholipid syndrome 
Vasculitis 

Mediated by the release of procoagulant substances 

States of hypercoagulability 

Thrombocytosis 

Bacterial thrombotic endocarditis 
Disseminated intravascular coagulation 
Hyperviscosity syndrome 


from these arterial changes will depend on the vessel affected, its 
size and location, and the speed at which the obstruction devel¬ 
ops. Even though they are rare, almost all forms ofvasculities have 
been associated with neoplastic diseases, especially Hodgkin’s dis¬ 
ease, lymphomas, hairy cell leukemia, and lung cancer (Carsons, 
1997; Kurzrock and Cohen, 1993; Lie, 1997). Approximately 5% 
of vasculities are paraneoplastic in origin (Sanchez-Guerrero 
etal ., 1990), but only a very small percentage cause brain infarction 
(Baumgartner etal., 1998). 

Granulomatous angiitis of the CNS has only been reported in 7% 
of patients with lymphoproliferative neoplasms, although 77% of 
these patients develop focal neurological manifestations (Younger 
et al., 1997). In some cases, granulomatous angiitis affects the 
carotid artery, the middle cerebral artery, or the anterior cerebral 
artery, and appears weeks after herpes zoster infection of the con¬ 
tralateral ophthalmic branch (Hilt etal., 1983). 

The association between temporal arteritis, neoplastic disease, 
and stroke is difficult lo quantify given that the patients are usually 
of an advanced age, when other diseases are also prevalent (Haga 
ef al ., 1993). The association of neoplasia and temporal arteritis has 
been estimated at between 3.5% and 16% (Kurzrock and Cohen, 
1993), and infarcts and transient ischemic attacks (TIAs) appear in 
7% of these patients (Caselli and Hunder, 1997). 

The second group of etiopathological mechanisms involved in 
paraneoplastic strokes is caused by the tumor-releasing procoag¬ 
ulant substances responsible for hypercoagulability. 

Nonbacterial thrombotic endocarditis (often also called maran¬ 
tic endocarditis) is the most common cause of symptomatic cere¬ 
bral infarcts in patients with cancer (Graus etal., 1985; Patchell and 
Posner, 1985) and is produced by growths of fibrin and platelets in 
the cardiac valves, particularly on the left (Figure 50.1). The valvu¬ 
lar lesions of nonbacterial thrombotic endocarditis usually affect 
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Figure 50.1 Nonbacterial thrombotic endocarditis in patients with 
adenocarcinoma of the lung. See color plate. 

the mitral and aortic valves (Biller etal., 1982; Lopez etal., 1987) 
and can complicate any type of cancer except brain tumor, leading 
to a risk of brain embolism. This disorder is often associated with 
cerebral intravascular thrombosis. Both valvular deformation and 
a hypercoagulable state have been involved in the genesis of this 
paraneoplastic endocarditis. In autopsy studies of the general pop¬ 
ulation, the prevalence of nonbacterial thrombotic endocarditis 
ranges from 0.3% to 9.3% (Chino et al, 1975), whereas the post¬ 
mortem prevalence among cancer patients has been reported to 
be up to 1-2% (Biller etal., 1982; Graus etal., 1985; Ondrias etal., 
1985); a third of these patients have emboli in the brain. The high¬ 
est incidence of nonbacterial thrombotic endocarditis has been 
reported with lymphoma (Gallerini et al., 2004; Glass, 2006), car¬ 
cinomas of the gastrointestinal tract and lung (Edoute etal., 1997; 
Ondrias et al., 1985; Reisner etal., 1992), medullary thyroid can¬ 
cer (Lai etal., 2003), and prostatic adenocarcinoma (Almela etal., 
2004), but it can complicate any kind of neoplasm and appear at 
any early or late stage (Rogers et al., 1987). 

More than 20% of patients with acute leukemia develop 
disseminated intravascular coagulation (Sletnes et al., 1995), 
with increased fibrinogen degradation products, thrombocyto¬ 
sis, increased platelet adhesiveness, and hyperfibrinogenemia. 
The triggering of this process is because of the release of pro¬ 
coagulant material from the tumor cells into blood circulation 
(Staszewski, 1997). The chronic form of disseminated intravascular 
coagulation produces a state of hypercoagulability in which fibrin- 
platelet thrombi occlude small cerebral arteries and venules, large 
intracranial venous sinuses, or deposits on cardiac valves, lead¬ 
ing to nonbacterial thrombotic endocarditis (Posner, 1995). This 
chronic form of disseminated intravascular coagulation is the sec¬ 
ond cause of symptomatic brain infarcts in patients with cancer 


(Graus et al., 1985; Patchell and Posner, 1985). The acute form of 
disseminated intravascular coagulation is associated with clinical 
hemorrhaging, consumption of coagulation factors and platelets, 
and an increase in fibrinolysis (Furui et al, 1983; Rogers, 1991). 
Disseminated intravascular coagulation is common in gastric and 
pancreatic mucinous adenocarcinomas; cancers of the lung, ovary, 
and prostate; and in myeloproliferative syndromes (Cornuz etal., 
1988; Graus et al., 1985; Posner, 1995). This process can compli¬ 
cate the evolution of the cancer at any stage but appears more 
frequently in the advanced phases and in the presence of sepsis 
(Posner, 1995). 

The association of migratory thrombophlebitis and neoplasms 
(Trousseau’s syndrome) was one of the first paraneoplastic syn¬ 
dromes described (Prandoni et al., 1992). The mechanisms that 
affect hypercoagulability and thrombosis are complex and only 
partially elucidated. Fibrinopeptide A, a sensitive marker of throm¬ 
botic activity, appears in many developed neoplasms (Rickies and 
Edwards, 1983). Residues of sialic acid may be released by muci¬ 
nous tumors and are responsible for the activation of the coagu¬ 
lation cascade. Autopsies in patients with mucinous adenocarci¬ 
nomas, mostly pancreatic and gastrointestinal, may show mucin 
within small brain arteries and veins (Amico et al., 1989). Mucin 
activates the body’s coagulation system. 

Other phospholipids and tissue factors, which activate hemosta¬ 
sis in normal situations following the disruption of the endothe¬ 
lium, may be released into the blood flow by the tumor itself 
or through abnormal vascularization arising from the growth of 
the tumor (Staszewski, 1997). Platelet hyperactivity can also con¬ 
tribute to the increased risk of thrombosis in these patients, pre¬ 
sumably due to factors released by the tumor or induced by its 
presence (Staszewski, 1997). Acquired protein C and protein S defi¬ 
ciencies may be associated with a variety of diseases including 
malignancies (Coull etal., 1998). 

Many neoplasms are capable of releasing cytokines (interleukin 
[IL] -1, IL-6, IL-8, tumor necrosis factor [TNF], transforming growth 
factor [TGF], and intercellular adhesion molecule [ICAM]) that 
are responsible for the most common paraneoplastic syndromes, 
such as fever (Dinarello and Bunn, 1997), cachectic syndrome 
(Puccio and Nathanson, 1997), and hypercoagulability (Green 
and Silverstein, 1996). In addition, IL-6 is a powerful stimulant 
of thrombocytosis (Gastl et al, 1993). Deep venous thrombosis, 
both in the limbs and in the brain, pulmonary thromboembolism, 
and systemic embolizations due to nonbacterial thrombotic endo¬ 
carditis are all consequences of this state of hypercoagulability 
(Staszewski, 1997). 

On rare occasions, some tumors release paraproteins and mon¬ 
oclonal immunoglobulins, leading to a hyperviscosity syndrome 
that interferes with the polymerization of fibrin and causes coag¬ 
ulation disorders and symptomatic hemorrhages (O’Kane et al., 
1994). 

Clinical and diagnostic characteristics 

Even though cerebrovascular manifestations in patients with can¬ 
cer may be clinically similar and have the same etiopathology as 
the strokes that appear in the rest of the population (Chaturvedi 
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Figure 50.2 Woman (70 years old) admitted with intracerebral hemorrhage. She was admitted 1 month earlier with occipital infarct. During the current admission 
adenocarcinoma of the ovary was diagnosed. MRI carried out in acute phase, sectioned at the level of the corona radiata (top) and the semioval center (bottom). 
Lobar, Leith parietal intraparenchymatous hematoma, in amplified images in T1 (a) and T2 (b). At the level of the corona radiata no changes in signal were observed 
in amplified images in T1 (c); images in T1 with contrast (d) and fluid-attenuated inversion recovery (FLAIR) (e) show the presence of multiple ischemic cortical 
lesions, in the same stage and in different vascular areas. 


et al., 1994), paraneoplastic strokes more commonly present 
with specific clinical manifestations (Baumgartner et al. } 1998; 
Patchell and Posner, 1985; Rogers, 1991,1994). In contrast to non¬ 
neoplastic patients, among whom brain infarcts are more preva¬ 
lent than hemorrhages, in patients with cancer the frequency of 
hemorrhages is almost the same as the frequency of infarcts (Graus 
etal., 1985). 

Symptomatic brain infarction is more common in patients with 
lymphoma and carcinoma than it is in those with leukemia, among 
whom brain hemorrhage predominates. 

The classic ischemic stroke, preceded or not by TIAs, is a rare 
form of presentation in paraneoplastic strokes. The proportion of 
ischemic events in the vertebrobasilar territory and in the carotid 
artery is similar in patients with temporal arteritis, a fact that does 
not occur in arteriosclerotic disease. Neurological symptoms in 
these patients are usually the result of thrombotic obstruction 
of the vertebral and carotid arteries rather than of intracranial 


arteritis (Caselli and Hunder, 1997). In other forms of vasculitis, 
the clinical pattern may also be focal, but cerebral manifestations 
appear just as often as spinal signs and isolated lesions in cranial 
nerves (Younger etal., 1997). Brain infarcts with focal neurological 
manifestations also appear in nonbacterial thrombotic endocardi¬ 
tis, occasionally preceded by TIAs. 

More often, paraneoplastic strokes show a clinical picture dif¬ 
ferent from those observed in stroke patients without cancer. Dif¬ 
fuse and progressive encephalopathy, either isolated or accompa¬ 
nied by focal neurological manifestations, is usual in disseminated 
intravascular coagulation, nonbacterial thrombotic endocarditis, 
and paraneoplastic vasculitis. This is because brain infarcts in 
cancer patients are often multifocal, and the resulting multifo¬ 
cal manifestations are difficult to distinguish from those caused 
by encephalopathy. Many patients with paraneoplastic strokes 
progress towards stupor or coma (Rogers, 1991; Schwartzmann 
and Hill, 1982). 
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The clinical presentation of paraneoplastic cerebral venous 
thrombosis is very variable and includes severe, diffuse, and 
progressive headache due to intracranial hypertension, partial 
or generalized seizures, transient ischemia or cerebral infarct of 
venous origin, and progressive ischemic encephalopathy (Ameri 
and Bousser, 1992; Russell and Enevoldson, 1993). This clinical 
pattern is usually more serious than the one caused by metastatic 
cerebral venous thrombosis or by a thrombosis induced by treat¬ 
ment (Hickey etal., 1982). 

The hemorrhagic presentation of paraneoplastic stroke is as 
common as ischemic forms (Figure 50.2). Brain hemorrhage 
occurs more often in patients with leukemia than in those with 
lymphomas or solid tumors, and is more frequent in acute than 
in chronic leukemias and in myelogenous than in lymphocytic 
leukemias. Intracerebral hemorrhaging may present itself with 
the usual clinical pattern, although hemorrhages are more often 
smaller and cause symptoms of diffuse encephalopathy (Posner, 
1995). Subdural hemorrhaging may be acute, subacute, or chronic, 
with considerable clinical variability (Minette and Kimmel, 1989). 
Subarachnoid hemorrhaging is the rarest form of presentation of 
paraneoplastic hemorrhagic stroke (Graus etal., 1985). 

In many cases the diagnostic process for paraneoplastic strokes 
is different from standard procedures for other types of stroke. 
Cerebral CT and MRI can be normal in ischemic events caused by 
disseminated intravascular coagulation (Schwartzman and Hill, 
1982), or may show multiple images in several vascular territo¬ 
ries in nonbacterial thrombotic endocarditis and vasculitis (Baum¬ 
gartner etal., 1998). 

Brain infarction due to disseminated intravascular coagula¬ 
tion should be diagnosed in patients with clinical manifesta¬ 
tions coinciding with the characteristic hematological profile. Sys¬ 
temic thrombosis - including deep vein thrombosis, pulmonary 
embolism, and myocardial infarction - and systemic hemorrhages 
may occur together with the cerebral symptoms. Laboratory stud¬ 
ies to confirm disseminated intravascular coagulation include 
determination of the number of platelets, prothrombin time, acti¬ 
vated partial thromboplastin time, fibrinogen, fibrin split prod¬ 
ucts, fibrinopeptide A, and D-dimer assay. Results of laboratory 
tests for coagulation function must be carefully interpreted in the 
clinical context, because abnormalities are not always clinically 
significant. Pleocytosis of cerebrospinal fluid helps in the diagno¬ 
sis ofvasculitis (Younger etal., 1997). Echocardiograms, including 
transesophageal echocardiograms, are usually normal in patients 
with nonbacterial thrombotic endocarditis, possibly because of 
the small size ofthe valve growths (Hofmann etal, 1990). The most 
useful test for diagnosing vasculitis and nonbacterial thrombotic 
endocarditis is the cerebral angiogram. 

Treatment 

Brain hemorrhages of paraneoplastic origin are difficult to treat. 
Surgical removal of hematomas during the course of coagulopathy 
is not indicated. Treatment with heparin and platelet concentrate 
or fresh plasma reverses the coagulopathy of consumption in some 
circumstances. Therapy with heparin and the administration of 
fresh plasma are usually more useful in preventing progression 


of cerebral hemorrhaging in patients among whom hematologi¬ 
cal changes suggestive of disseminated intravascular coagulation 
are detected at an early stage (Rogers et al. } 1987). Cytoreductive 
chemotherapy reduces the risk of cerebral hemorrhage in patients 
with chronic myeloproliferative processes (Wehmeier etal., 1991). 
However, in other patients, lysis of the primitive blood cells can 
exacerbate disseminated intravascular coagulation (Rogers, 1994). 

Heparin may be effective in preventing cerebral infarction 
among patients with nonbacterial thrombotic endocarditis and 
does not increase the risk of hemorrhagic complications (Rogers 
et al., 1987). Vasculitis responds to treatment with steroids and 
cytostatic agents (Inwards etal., 1991). Administering aspirin and 
other antiplatelet agents has also been shown to be effective in 
preventing the recurrence of thrombotic complications in patients 
with essential thrombocythemia (Michiels etal., 1993). 
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KOHLMEIER-DEGOS' DISEASE (MALIGNANT 
ATROPHIC PAPULOSIS) 

Oriana Thompson and Daniel M. Rosenbaum 


Introduction 

Kohlmeier-Degos’ disease (KDD) was initially described in 1941 
by Kohlmeier (Kohlmeier, 1941a,b) and then in 1942 by Degos 
et al. Other synonyms for this disease are malignant atrophic 
papulosis, atrophic papulosquamous dermatitis, fatal cutaneous- 
intestinal syndrome, and thromboangiitis cutaneointestinalis dis¬ 
seminata (Magnnat et al., 1989). First described as a cutaneous 
disorder with a characteristic rash, two distinct forms are now 
recognized (Zamiri et al., 2005). The systemic or malignant vari¬ 
ant is associated with a fatal outcome. Death is usually a conse¬ 
quence of involvement of the gastrointestinal tract or the central 
nervous system (Kocheril et al., 2004). The cutaneous or benign 
variant has characteristic cutaneous lesions with no evidence 
of systemic involvement, and these patients have a normal life 
expectancy. A number of these cases are familial (Habbema 
etal., 1986). 

KDD is more common in white boys and men with age of onset 
ranging between 3 weeks of age to 67 years old, most commonly 
occurring in the second and third decades. The etiology andpatho- 
genesis, although still unknown, is speculated to be immunologic 
dysfunction, coagulation or fibrinolysis abnormalities, or possible 
viral infections (Pallesen, 1979). Effective treatment also remains 
unknown. 

Clinical findings 


Cutaneous 

Any organ system may be involved; the clinical manifestations are 
a result of multifocal infarctions. The cutaneous lesions, which 
usually precede the visceral symptoms (Figures 51.1 and 51.2), 
are usually asymptomatic but can cause slight burning or itch¬ 
ing (Caviness et al., 2006). The skin lesions range in number 
from a few to hundreds, and typically involve the trunk and 
upper limbs. Other body regions are usually spared but there are 
reports of lesions involving more distal regions, including the penis 
(Aydogan et al., 2005). Initially, the lesions present as pink mac¬ 
ules that soon become small, red, round, smooth, and firm (Ball 
et al., 2003). Within weeks they become umbilicated, with two 
distinct zones: a depressed porcelain white (necrotic) scaly cen¬ 
ter and an erythematous or telangiectatic border. In time, the 
reddish border disappears and the fully formed lesion measures 
<1 cm (Ball et al., 2003). The differential diagnosis includes: 


systemic lupus erythematous, dermatomyositis (Tsao etal., 1997), 
atrophic blanche, and allergic necrotizing vasculitis (Pallesen, 
1979). The ocular conjuctiva is the most common site for mucosal 
involvement (Ball etal., 2003; Feuerman, 1966). 

Gastrointestinal 

Death is most often because of microvascular infarction of the 
intestines leading to perforation and peritonitis. Episodes of 
abdominal pain, nausea, diarrhea, andmelenamayoccurweeksto 
years after the onset of the cutaneous lesions. These symptoms are 
often initially attributed to gastritis, peptic ulcer, ileus, dysentery, 
or pancreatitis (Degos, 1979; Muller and Landry, 1976). Laparo¬ 
scopic examination, however, shows lesions similar in appearance 
to the skin lesions that may involve multiple areas of the small 
intestine. These lesions are secondary to infarction and have also 
been found in the esophagus, duodenum, stomach, colon, and 
rectum. 

Neurological 

Central nervous system involvement occurs in approximately 20% 
of patients as a consequence of brain and spinal cord infarc¬ 
tion (Yoshikawa et al., 1996). A few patients with peripheral ner¬ 
vous system involvement have been reported (Horner etal., 1976; 
Label etal., 1983). Neurological involvement may precede the skin 
lesions by years. In the largest series of patients of KDD with neu¬ 
rological involvement who had a mean duration of follow-up to 
13 years, 13 of 15 patients had skin lesions; only one had neuro¬ 
logical findings as the first manifestation (Subbiah et al., 1996). 
The mean duration of signs and symptoms before diagnosis was 
2 years (range: 1-16 years). 

A variety of neurological signs were noted, depending on the site 
of involvement, including cognitive, motor, and sensory impair¬ 
ment, ophthalmoplegia, and other cranial neuropathies. Oph¬ 
thalmic involvement has been reported in 35 of 105 published 
observations (Lee etal., 1984; Sotrel etal., 1983). 

Other organs 

Autopsy findings have included infarcts in the heart (Mauad etal., 
1996), pericardium, kidneys (Bjorck et al., 1984), bladder, lungs, 
pleura, liver, and pancreas (Strole et al., 1967; Yoshikawa et al., 
1996). These are usually asymptomatic. 


Uncommon Causes of Stroke, 2nd edition, ed. Louis R. Caplan. Published by Cambridge University Press. © Cambridge University Press 2008. 


377 





Uncommon Causes of Stroke 



Figure 51.1 Cutaneous lesions of KDD on trunk and arm of a 35-year-old 
woman with KDD. 



Figure 51.2 Papules with central atrophy showing porcelain appearance, 
surrounded by an erythematous peripheral circle, disseminated on the trunk. 

Etiology/pathogenesis 

The etiology and pathogenesis of KDD remain unknown. Ischemia 
and infarction are key pathophysiological mechanisms of the 
lesions seen, but there is still no consensus as to the nature of 
the injury. At least three major hypotheses have been proposed. 

The first hypothesis is that KDD is a coagulopathy, with throm¬ 
bus formation being the primary event (Magnnat et al., 1989). 
Abnormalities in platelet function (Drucker, 1990; Stahl etal., 1978; 
Vazquez-Doval et al., 1993), increase in fibrinogen (Roegnik and 
Farmer, 1968; Vazquez-Doval etal, 1993), decrease in plasminogen 
(Paramo ef al. , 1985), as well as other alterations in the coagulation 
cascade (YoshikawaetaZ., 1996) have been reported to support this 
hypothesis. However, many patients with the disease do not have 
these abnormalities, either histopathologically or by laboratory 
studies. Moreover, therapies targeting these parameters have not 
been shown to be effective (see below). 

The second hypothesis favors that KDD is a form of vasculitis, 
based on similarities between KDD and systemic lupus erythema¬ 
tous (Su et al. , 1985). The lack of response to immunosuppression 
argues against this theory (Ball etal., 2003). 

The third hypothesis is that KDD is a primary disorder of 
endothelial cells (Tribble et al., 1986), which some investigators 


have attributed to viral infection (Howard and Nishida, 1969). The 
nature of the endothelial defect that leads to thrombosis has not 
been elucidated. 

Finally, there are those who postulate that KDD is not a specific 
disease but rather a distinctive pattern that expresses different 
pathological processes, primarily systemic lupus erythematosis, 
so that patients with manifestations of this disease should also be 
assessed for evidence of lupus and other collagen vascular disease 
(Ball etal., 2003). 

Pathology 

The pathological findings in KDD are a noninflammatory occlu¬ 
sive endarteriopathy, mainly involving arterioles (Degos et al., 
1942; Kohlmeier, 1941). Increased intimal cellularity, secondary 
to endothelial cell proliferation, may be associated with super¬ 
imposed thrombosis (Caviness et al., 2006). The media is always 
spared (Demitsu et al., 1992). The clinical manifestations are a 
consequence of ischemia and infarction that occurs secondary to 
the arteriolar occlusion. Three stages have been described: early, 
intermediate, and late. These findings are similar, regardless of 
the organ involved (Demitsu et al., 1992; Molenaar et al., 1987). 
Leptomeningeal involvement results in ischemia and infarction 
in the distribution of the affected arteries. In the parenchyma, foci 
of hemorrhagic necrosis may be seen. Cranial nerve and spinal 
root infarcts as well as myelomalacia of the posterolateral spinal 
cord have been described (Matsuura etal., 2006; McFarland etal., 

1978) . 

Treatment 

There is no known effective treatment for KDD (Caviness et al., 
2006). Therapies that have been used include antiplatelet (Stahl 
et al., 1978; Tribble et al., 1986), anticoagulant (Degos, 1979), 
immunosuppressive agents, plasma exchange (Burrow etal., 1991; 
Caviness etal., 2006), and nicotine patches (Kanekura etal., 2003). 
Surgery is indicated in cases of intestinal perforation (Pallesen, 

1979) . 
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STROKE IN PATIENTS WHO HAVE INFLAMMATORY 
BOWEL DISEASE 

Michael A. De Georgia and David Z. Rose 


Introduction 

When reviewing the panoply of risk factors ascribed to ischemic 
stroke - diabetes, hypertension, hyperlipidemia, atrial fibrillation, 
and so on - gastrointestinal disorders rarely come to mind. How¬ 
ever, a set of disorders collectively termed inflammatory bowel 
disease (IBD) also predisposes patients to thromboembolic events. 
Pelvic, peripheral, and pulmonary thromboemboli are among the 
better known extraintestinal complications of IBD, but ischemic 
stroke also occurs. This chapter highlights the clinical, pathophys¬ 
iologic, and biochemical links between IBD and ischemic stroke. 

IBD is the umbrella term for two disorders: Crohn’s disease 
(CD) and ulcerative colitis (UC). Whereas CD and UC overlap in 
their clinical and histological features, they differ in pathogenesis. 
Whereas both diseases result from T-lymphocyte activation and 
humeral mechanisms, in general, CD involves mainly lympho¬ 
cyte activation whereas UC is related mainly to humeral mecha¬ 
nisms. The unifying feature of CD and UC is chronic inflamma¬ 
tion of intestinal mucosa. The diagnosis is based on a combined 
assessment of clinical, endoscopic, radiographic, and histological 
features. On histology, IBD is characterized by acute and chronic 
inflammation of the intestine. In UC, the inflammation is limited 
to the mucosa and superficial submucosa. In CD, there is archi¬ 
tectural disruption of the intestinal wall (transmural inflammation 
and presence of noncaseating granulomatous infiltration). 

Epidemiology and symptoms of IBD 

An estimated four million people worldwide (including one mil¬ 
lion Americans) have IBD, with the incidence evenly divided 
between UC and CD. IBD can be accompanied by a markedly 
painful and debilitating course accounting for an estimated US$1 
billion in missed workdays per year. The peak age of onset for IBD 
is 15-30 years. Both UC and CD have a bimodal age distribution, 
with a second, smaller peak occurring in individuals between 50 
and 70 years old, yet IBD can appear at any age, and an estimated 
10% of cases occur in children younger than 18 years. UC is slightly 
more common in men, whereas CD affects women more (Andres 
and Friedman, 1999). Breakdowns by racial and ethnic subgroups 
indicate higher rates of IBD in Caucasians and Ashkenazi Jews. 

Severe, crampy abdominal pain and diarrhea (with or without 
rectal bleeding) are the chief complaints of patients with IBD. 
Fecal urgency, dramatic weight loss, skin and eye irritations, ulcers, 
fevers, and blood clots also are notorious complications of the 
disease. These symptoms are quite distressing and, in many cases, 


debilitating. Miserable intervals of active disease known as “flares" 
are relieved by periods of remission that can vary from weeks to 
years. 

Pathogenesis of IBD 

In CD, areas of normal bowel exist between areas of diseased bowel 
that disrupt parts of the entire digestive tract from mouth to anus. 
These “skip lesions” can evolve into devastating strictures, fissures, 
and fistulas by eventually tearing through all layers of the intesti¬ 
nal wall. CD is primarily a condition of chronic T-lymphocyte 
activation, and flares occur when secondary macrophage acti¬ 
vation induces tissue damage. The exact etiology of the initial 
T-cell activation is unknown, but usual gastrointestinal micro flora 
might be triggering the inappropriate inflammatory response. 
Normally, exposure to commensal bacteria downregulates inflam¬ 
matory genes and blocks activation of an immune response. In CD, 
however, this tolerance is lost and luminal microflora can activate 
T cells. The amount of tissue damage - ranging from villous atro¬ 
phy and crypt hyperplasia to total mucosal destruction - direcdy 
correlates with the degree of T-cell activation. Immunosuppres¬ 
sion to inhibit T cells can reduce this damage. FK506, for example, 
in experimental models can completely inhibit mucosal damage 
(Lionetti etal., 1993). 

UC, in contrast, involves just the inner intestinal walls of only 
the colon and rectum. In UC, there is no strong evidence for T-cell 
activation, and humeral mechanisms seem to predominate. Acti¬ 
vation of mucosal macrophages is seen with a dramatic increase 
of immunoglobulin G (IgG) -producing cells and complement acti¬ 
vation. These antibodies try to remove antigens of the indigenous 
microbial flora and consequently become cytotoxic to the colonic 
walls (Brandtzaeg and Halstensen, 2006; MacDonald and Murch, 
1994). Many patients with UC are positive for anti-neutrophil 
cytoplasmic antibodies (ANCAs), further corroborating a humoral 
stimulus. 

Despite these differences in initial immune activations, both 
UC and CD share similar “downstream” inflammatory pathways - 
such as the production of cytokines and oxygen free radicals - that 
provoke intestinal vascular injury (MacDonald and Murch, 1994). 
Occlusive thromboses in intestinal arteries plague patients with 
CD, whereas submucosal thrombotic lesions have been reported 
in UC. This endothelial damage, vasospasm, and thrombosis 
might be secondary to vasculitis of the mesenteric circulation. 
Recent studies suggest that two principal macrophage cytokines - 
tumor necrosis factor-a (TNF-a) and interleukin (IL)-l - embroil 
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the inflammation, degrade the protective matrix, and induce focal 
vascular thrombosis (Araki et al. } 2003). Other cytokines like IL-6 
contribute to the systemic effects of IBD, including growth suppres¬ 
sion, anorexia, and chronic anemia as IL-6 suppresses erythropoi¬ 
etin production (Araki etal., 2003; Breese etal., 1994; Levine and 
Lukawski-Trubish, 1995; Murch, 1998). Higher levels of cytokines 
are seen in CD than in UC, probably due to the extensive T-cell 
activation in CD (Breese etal., 1994). 

The enhanced release of reactive oxygen species also plays a role 
in the pathogenesis of IBD. Certain reactive oxygen species such 
as nitrogen monoxide produced in high amounts by the enzyme 
inducible nitrogen oxide synthase (iNOS) may damage cellular 
DNA. Free-radical scavengers curb the destructive activity of reac¬ 
tive oxygen species, thereby reducing mucosal damage (Araki 
etal., 2003). 

Extraintestinal complications 

Nonthrombotic 

Non-neurologic 

IBD is a systemic inflammatory disease; as many as 1 of 3 patients 
will have some form of extraintestinal manifestation. Perhaps the 
most disabling extraintestinal, nonthrombotic, non-neurologic 
complication of IBD is peripheral arthritis. Usually affecting large 
joints, peripheral arthritis in IBD is similar to reactive arthri¬ 
tis associated with enteric infections because the pathogenesis 
involves synovial exposure to arthritogenic bacterial antigens and 
inflammatory cell by-products. 

Another nonthrombotic complication of IBD is primary scle¬ 
rosing cholangitis. This disorder may arise from production of 
ANCAs that target antigens in both the biliary tract and bowel. 
More infrequent and poorly understood nonthrombotic com¬ 
plications include acute pancreatitis, gluten-sensitive enteropa¬ 
thy, and possibly even pulmonary bronchiectasis (Levine and 
Lukawski-Trubish, 1995). Similarities in the mucosal immune sys¬ 
tem of the lung and intestine may account for bronchial hyper¬ 
reactivity in patients with active IBD. 

Neurologic 

Although neurologic sequelae of IBD can transpire at any time, 
most occur after a diagnosis of IBD already has been established 
(Manzino and Tomasina, 1996). There may be some correlation 
with activity of systemic disease, but neurologic symptoms can 
arise during an IBD flare or in periods of remission. To determine 
the frequency, spectrum, and clinical features of neurologic dis¬ 
orders associated with IBD, a team from Israel conducted a retro¬ 
spective analysis of 638 IBD patients, looking for involvement of 
the nervous system (Lossos etal., 1995). They identified 19 patients 
(10 CD and 9 UC) with neurologic involvement. In 14 (74%), the 
neurologic sequelae started about 6 years after the diagnosis of 
IBD, and in two (10%) it occurred during an IBD flare. The most 
common association was a peripheral neuropathy, which affected 
six patients, all of whom had UC. Ten others (nine of whom had 
CD) exhibited myelopathy, myopathy, and myasthenia gravis. 
Stroke occurred in two UC and two CD patients. 


Thrombotic 


Noncerebrovascular 

Thromboembolic disease has had a longstanding association with 
IBD and ranks as the third leading cause of death in IBD patients. As 
early as 1936, the observation of extensive vascular thrombosis as a 
complication of UC was noted (Bargen and Barker, 1936). In 1966, 
Graef found 39 cases of thromboembolism in 100 patients with 
UC (Graef, 1966). Many IBD patients have subclinical thromboses; 
in the literature, when defined clinically, the incidence of throm¬ 
boembolism in IBD patients varies from 1.2% to 7.1%, but this 
number increases to 39% when defined by autopsy. In one study of 
1500 patients with UC, clinically significant thrombosis occurred 
in only 18 (1.2%); however, among 43 patients studied at autopsy, 
emboli and thrombi were found in 14 (33%) (Ricketts and Palmer, 
1946). 

Sometimes many clots develop in the same patient. In one study, 
multiple (two or more) thromboembolic events occurred in 13% of 
IBDpatients (Jackson et al., 1997). More than half of these patients 
were younger than 50 years; correlation with IBD flares was seen in 
64%. Moreover, IBD patients have been found to develop thrombo - 
sis earlier in life than those without IBD who develop thrombosis 
(Grip etal., 2000). 

Deep venous thrombosis (DVT) and pulmonary embolism (PE) 
account for the overwhelming majority of thrombotic events in 
patients with IBD. Nevertheless, arterial thromboses also can and 
do occur, even in unusual locations. In IBD patients with either 
arterial or venous thromboembolic events, mesenteric microvas- 
cular changes have been noted; that some patients seem to bene¬ 
fit with anticoagulation supports a valid connection between this 
inflammation and systemic thrombosis. Specifically, anecrotizing, 
granulomatous vasculitis - mainly affecting small- and medium¬ 
sized vessels of the skin, lung, bowel, muscle, retina, and cen¬ 
tral nervous system (CNS) - has been reported to cause systemic 
thrombosis in IBD patients. 

Coagulation abnormalities are common in patients with IBD 
(Schneiderman et al., 1979). These include genetic deficien¬ 
cies of protein C, protein S, and antithrombin; factor V Leiden 
(fVL) and prothrombin 20210A mutations; activated protein C 
(APC) resistance; and high concentrations of fibrinogen, platelets, 
factor VIII, and homocysteine. Laboratory irregularities may 
normalize after medical and surgical control of intestinal inflam¬ 
mation. Acquired risk factors for thrombosis include immobi¬ 
lization, surgery, trauma, pregnancy, puerperium, lupus anti¬ 
coagulant, malignancy, and female hormones (Koutroubakis, 
2001). Patients may have a combination of these conditions 
which, when combined with oral contraceptive use, may 
increase the risk for thrombosis (Breckwoldt et al., 1990; Fraser, 
1993). 

Cerebrovascular 

Cerebrovascular thrombosis in IBD is well recognized with an 
incidence ranging from 0.1% to 4.2% (Mayeux and Fahn, 1978). 
The actual incidence and prevalence of IBD and stroke remain 
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unknown and probably underestimated. In one study, among 52 
IBD patients who developed thrombosis requiring hospitalization, 
thrombus occurred in the deep leg veins in 52%, in the pulmonary 
vasculature in 37%, intracranially in 9%, and intracardiac in 2% 
(Jackson et al., 1997). In this same study, multiple thromboses 
occurred in 13% and 60% of all episodes occurred in patients 
younger than 50 years. 

In a review of patients from the New England Medical Center 
and the Cleveland Clinic, 38 patients were identified with both 
IBD and stroke including 23 with CD and 15 with UC. Overall, the 
average age was 52 ±19 years. Most patients (86%) had ischemic 
stroke, including 19 of 23 patients with CD and 12 of 15 with UC. 
Most patients (72%) also had other vascular risk factors for stroke: 
carotid atherosclerotic disease in 45% and hypertension in 35%. 
Atrial fibrillation was found in three patients, and one patient 
had a vertebral artery dissection. Three patients had lacunar 
strokes. 

While disease activity may promote a stroke, a minority of 
patients had active disease immediately before their event. When 
flares were present during a stroke, they were more frequent 
in patients with CD than in those with UC (39% vs. 16.7%, 
respectively). In another study, evidence for inflammatory disease 
activity was found in 89% of patients with CD at the time of their 
thromboembolic event, in contrast to 45% of those with UC. A less 
clear relationship to duration or activity of IBD has been reported 
in other studies (Johns, 1991). 

Cerebral venous thrombosis (CVT) is not uncommon in patients 
with IBD; several cases of CVT with IBD appear in the literature 
(Calderon et al, 1998). Seven of our patients had cerebral venous 
occlusion, including 4 of 23 (17.3%) patients with CD and 3 of 15 
(20%) patients with UC. These patients were much younger with 
an average age of 33 ±13.6 years. Typical vascular risk factors were 
not present, and most (all four with CD and one with UC) had 
active disease before their event. 

The literature consists of numerous case reports of stroke in IBD 
patients. One account describes a 39-year-old woman with a past 
medical history of CD and hypertension who presented with an 
ischemic stroke of the left internal carotid artery (ICA) territory 
(Schneiderman et al, 1979). Evaluation revealed bilateral high- 
grade ICA stenosis. She also had increased levels of fibrinogen 
and factor IX, and a marked hyperhomocysteinemia. Vitamin Bi 
and B 6 levels were decreased, and heterozygous C677 T methyl- 
enetetrahydrofolate reductase (MTHFR) gene mutation was 
present. 

Another case, a 35-year-old man with refractory CD in his termi¬ 
nal ileum, complained of headaches and blurred vision and sud¬ 
denly developed tonic-clonic seizures (Mayeux and Fahn, 1978). 
CT-scan revealed an ischemic stroke in the left cerebral hemi¬ 
sphere. Laboratory studies were significant for elevated factor VIII 
and platelet counts. 

Likewise, a 30-year-old woman with a UC exacerbation devel¬ 
oped both a CVT and a lower extremity DVT. Her laboratory data 
uncovered a functional APC resistance, yet after colectomy, her 
APC ratio normalized (Manzino and Tomasina, 1996). 

Table 52.1 summarizes the literature of thrombosis in the setting 
of IBD. 


Vasculitis 

In most reported cases of IBD and stroke, full neurologic and lab¬ 
oratory evaluations have been incomplete, thus it is difficult to 
establish the exact underlying causal mechanism of the strokes. 
Systemic vasculitis is associated with a variety of thromboses in 
patients with IBD and thus may affect the CNS and has been 
posited to cause ischemic stroke (Karacostas ef al., 1991). Studies 
with vascular brain imagingmostly have reported occlusions of the 
carotids and middle cerebral artery (or its branches). Occasionally, 
the central retinal artery and posterior ciliary central arteries also 
are involved. 

A case of IBD-related CNS vasculitis involves a young man with 
UC who developed seizures, became comatose, and was found 
to have multiple low-density enhancing cerebral lesions on brain 
MRI. Anti-nuclear antibodies (ANA) and rheumatoid factor (RF) 
were negative, and skin and muscle biopsies revealed a mild 
perivascular infiltrate with inflammation. Brain biopsy showed 
necrotizing vasculitis involving meningeal and cortical vessels. 
Treatment with prednisone and cyclophosphamide (Cytoxan) was 
complicated by systemic thrombosis and sepsis before full recov¬ 
ery was made. 

Other descriptions of IBD-associated CNS vasculitis are based 
on angiography showing segmental narrowing in the small to 
medium-sized arteries. This is a nonspecific finding and is 
more often related to vasoconstriction than to true arteritis 
(Schmidely, 2000). One patient with UC so far has been reported 
among 25 with biopsy-proven giant cell arteritis (Dare and Byrne, 
1980). 

Hypercoagulability 

Several abnormalities in the coagulation cascade may cause 
thromboses in IBD patients. Of the many IBD-related hyperco- 
agulable state manifestations, an estimated 10% are ischemic 
strokes. An extensive search for a single unifying coagulation 
defect explaining the hypercoagulability in IBD patients is cur¬ 
rently underway. Such a single defect - genetic or otherwise - 
has not yet been elucidated, but many distinct defects have been 
reported in the literature. Regardless of the number of defects, 
though, it is believed that the severity of a patient's IBD correlates 
with the magnitude and timing of that patient’s hypercoagulable 
state. Secondary or nonspecific inflammatory responses comprise 
the majority of hypercoagulable changes seen in these patients; 
such changes may stabilize during IBD remission. Even if tran¬ 
sient, it is likely that these hypercoagulable changes play a key role 
in inducing clinical, overt thrombosis. Hypercoaguable abnormal¬ 
ities that persist in these patients (those that are not transient and 
do not normalize during remissions) probably reflect on-going dis¬ 
ease and manifest as thromboses subclinically or upon autopsy. 

Plasma fibrinopeptide A levels have been strongly linked with 
the level of disease activity in CD as measured by the Crohn’s Dis¬ 
ease Activity Index. Patients with active CD who undergo medical 
or surgical treatment usually have a reduction of fibrinopeptide A 
levels; a failure of fibrinopeptide A levels to normalize often her¬ 
alds a relapse. Fibrinopeptide Alevels also correlate with monocyte 
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fable 52.1 Main case series of systemic thrombosis and cerebrovascular disorders in IBD 






Total number of cases 

Cerebrovascular disorders 

Study 

Number 

IBD 

Thrombosis (%) 

Number (%) 

Diagnosis 

Autopsy 

Bargen and Barker, 1936 

43 

UC 

14 (33%) 

NS 


Sloan etal., 1950 

99 

UC 

33 (33%) 

2 (2%) 

1 Hemorrhagic encephalitis 

Graef, 1966 

100 

UC 

39 (39%) 

2 (2%) 

INS 

2 CVT 

Clinical 

Bargen and Barker, 1936 

1500 

UC 

18 (1.2%) 

NS 


Edwards and Truelove, 1964 

624 

UC 

50 (8%) 

NS 


Talbot etal., 1986 

7199 

UC and CD 

92 (1.3%) 

9 (0.1%) 

1 Cerebral arterial thrombosis 

Lloyd-Still and Tomasi, 1989 

180 

UC and CD 

6 (3.3%) 

6 (3.3%) 

1 Retinal venous thrombosis 

2 Transient ischemic attacks 

5 NS 

1 Retinal artery thrombosis 

Elsebety and Bertorini, 1991 

263 

CD 

NS 

11 (4.2%) 

1 CVT 

1 Cerebral arteritis 

1 Hypertensive encephalopathy 

2 NS 

11 NS 

Lossos etal., 1995 

638 

UC and CD 

NS 

4 (0.6%) 

1 Cerebral arterial thrombosis 

lackson etal., 1997 

NS 

UC and CD 

52 

4 

1 Transient ischemic attacks 

2 CVT 

NS 


Notes: NS = not specified. 


tissue factor generation, which may contribute to hypercoagula¬ 
bility as well (Edwards etal., 1987). 

IBD exacerbations also tend to correlate with a rise in platelet 
counts. Thrombocytosis and increased platelet activation and 
aggregation are well documented in patients with IBD. Increased 
platelet number and activity may be directly responsible for 
microvascular thrombosis in the intestinal wall and may medi¬ 
ate initial mucosal injury. Many of the cytokines involved in the 
pathogenesis of IBD are released by activated platelets. 

APC resistance because of a fVL mutation is now known to be 
the most common genetic cause of venous thrombosis worldwide. 
As expected, fVL mutations and APC resistance have been incrimi¬ 
nated in patients with stroke. Aretrospective analysis of 11 patients 
with IBD plus arterial or venous thrombosis and 51 IBD patients 
without thrombosis found the presence of fVL mutations in 4 of 
11 (36%) thrombotic patients compared with only 2 of the 51 con¬ 
trols (4%) (Liebman et al, 1998). Of note, APC resistance can be 
transient. For example, a 30-year-old woman was described with 
both a CVT and a DVT of her leg during a flare of her UC. Labo¬ 
ratory investigations revealed a functional APC resistance, with¬ 
out fVL mutation, and slight hyperhomocysteinemia. After colec¬ 
tomy, her APC ratio returned to normal limits. These findings may 
help explain the probable increased thrombophilia during active 
IBD flares (Gonera etal., 1997). A study from France revealed that 
14% of thrombotic patients with IBD had fVL mutation versus 0% 


of control patients with IBD without thrombosis. About 16% of 
thrombotic patients without IBD had fVL, but this was not sig¬ 
nificant when compared to the thrombotic IBD patients with fVL 
(Guedon etal., 2001). 

The prothrombin gene 20210A mutation has been associated 
with thrombosis in patients with IBD. The aforementioned French 
study also found that 14% of thrombotic patients with IBD and 
12% of thrombotic patients without IBD carried the prothrom¬ 
bin 20210A mutation, compared to 1.7% of control patients with 
IBD without thrombosis; however, this difference was just below 
statistical significance (Guedon etal., 2001). 

Protein S deficiency has also been reported in IBD. One case 
was of a 29-year-old woman with UC and thrombosis of the veins 
of Galen and straight sinus. A transient protein S deficiency was 
discovered (Vaezi et al., 1995). The role of protein S and many 
other hypercoagulable factors was evaluated in a Turkish study 
that enlisted 27 patients with active IBD flares. Specifically, inter¬ 
national normalized ratio, activated partial thromboplastin time, 
lupus anticoagulant, anticardiolipin IgG, IgM antibodies, pro¬ 
tein C, protein S, antithrombin-III, factor V, and factor II muta¬ 
tion all were measured in the 27 IBD patients and in a group of 
sex-matched, age-matched, non-IBD controls. Every factor was 
comparable between the two groups except for antithrombin-III, 
which was significantly lower in the IBD group compared with the 
healthy controls (Yuerlki etal., 2006). 
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Anti-cardiolipin (aCL) antibodies have been reported in patients 
with IBD and stroke. In one report, a 44-year-old woman with CD 
for 25 years developed a left temporal stroke associated with aCL 
antibodies and lupus anticoagulant, suggesting antiphospholipid 
syndrome (Mevorach et al., 1996). In another study, antibodies 
against the aCL cofactor, (32-glycoprotein I, which has a higher 
specificity for thrombosis, were found in several IBD patients. 
Comparing 128 patients with IBD (83 with UC and 45 with CD) 
with 100 controls, the prevalence of aCL positivity was 18.1% for 
UC patients, 15.6% for CD patients, and a mere 3% for controls 
(Koutroubakis etal., 1998). 

Hyperhomocysteinemia has recently emerged as an indepen¬ 
dent risk factor for stroke; homocysteine is a sulfur-containing 
amino acid formed during the demethylation of the amino acid 
methionine. It may be elevated in the blood and urine if a genetic 
C677 T MTHFR enzyme polymorphism is present. Patients with 
IBD appear to have elevated plasma levels of homocysteine most 
likely from vitamin B12 and B6 deficiencies, not necessarily from 
a MTHFR enzyme polymorphism. Vitamin B12 and B6 deficiency 
can be because of malnutrition or malabsorption (not an uncom¬ 
mon phenomenon in IBD patients) and can result in high levels of 
homocysteine in the blood and urine. A study from Canada involv¬ 
ing 65 IBD patients found high levels of plasma homocysteine 
(8.7 p,mol/L) compared withhealthy control subjects (6.6|xmol/L). 
In another study, homocysteine levels in 138 healthy control sub¬ 
jects were compared with those in the IBD cohort, and adjustments 
for age and sex were made using logistic regression. Hyperhomo¬ 
cysteinemia was significantly more common in patients with IBD 
compared with healthy controls, and is associated with lower (but 
not necessarily deficient) vitamin B12 levels (Romagnuolo et al., 
2001 ). 

Increased homocysteine levels have also been associated with 
progressive atherosclerosis. In one case report, a 39-year-old 
woman with CD presented with an ischemic stroke. Evalua¬ 
tion revealed bilateral high-grade internal carotid stenosis and 
atheroma of the subclavian and vertebral arteries. The patient was 
found to have hyperhomocysteinemia in addition to increased lev¬ 
els of fibrinogen and factor IX (Younes-Mhenni etal., 2004). 

In another case report, a 45-year-old woman had two ischemic 
strokes a full 16 years after ileal resection for CD. Blood tests 
revealed an elevated random serum homocysteine level and a 
low serum vitamin B12 level. Intramuscular vitamin B12 injections 
normalized her homocysteine level (Penix, 1998). 

Conclusion 

Patients with IBD are at risk for a host of thromboembolic events, 
up to 10% of which are ischemic strokes. When compared to the 
general population, the exact incremental stroke risk that IBD 
patients face remains unknown, yet it appears higher for younger 
patients. The mechanism for ischemic strokes in IBD patients is 
multifactorial, but likely secondary to an abnormal coagulabil¬ 
ity profile and, in rare situations, cerebral vasculitis. A search for 
a unifying coagulation defect has not been discovered. An IBD 
patient’s current hypercoagulable state seems to correlate with 
the magnitude and timing of IBD flares. Serious extraintestinal 


complications - including the more common pelvic, periph¬ 
eral, and pulmonary thromboemboli, as well as the less com¬ 
mon ischemic stroke - likely occur with greater frequency during 
flares. 

Microvascular injury, endothelial damage, vasospasm, and 
coagulation diatheses all curtail mesenteric blood flow and harm 
the walls lining the intestines and other organs. An increased 
cytokine milieu develops and becomes a nexus for extraintestinal 
micro- and macrovascular thromboses. Elevated factors V, VIII, 
fibrinogen, homocysteine, platelets, and aCL antibodies as well 
as a decline in the B vitamins, folate, and antithrombin III levels 
all predispose IBD patients to ischemic attacks. Some abnormali¬ 
ties appear inherited whereas others may be reactive from an IBD 
flare. Subpopulations of IBD patients who have certain hemo¬ 
static, thrombophilic abnormalities may wind up with a higher 
incidence of IBD manifestations, thrombotic complications, or 
both. 

Better management of IBD flares, improved compliance with 
newer IBD medications, and quicker surgical interventions might 
lead to better outcomes and stroke risk reduction. It is reason¬ 
able to believe that the addition of low-dose anticoagulation or 
antiplatelet therapy to an IBD regimen would lessen ischemic 
stroke risk. However, this must be weighed against each indi¬ 
vidual’s bleeding risk, which can be significant in patients with 
recurrent hematochezia. 
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SWEET'S SYNDROME (ACUTE FEBRILE 
NEUTROPHILIC DERMATOSIS) 

Bernhard Neundorfer 


Introduction 

Sweet’s syndrome (SS), also referred to as acute febrile neutrophilic 
dermatosis, is characterized by a constellation of symptoms and 
findings: fever, neutrophilia, erythematous and tender skin lesions 
that typically show an upper dermal infiltrate of mature neu¬ 
trophils, and prompt improvement of both symptoms and lesions 
after the initiation of treatment with systemic corticosteroids 
(Sweet, 1964,1979). Crow etal. (1969) were the first authors to call 
this disease “Sweet’s syndrome.” Hundreds of patients with this 
dermatosis have been reported. The manifestations of SS in these 
individuals have not only confirmed those originally described by 
Dr Robert Douglas Sweet in 1964, but have also introduced new 
features that have expanded the clinical and pathologic concepts 
of this condition (Cohen andKurzrock, 1993, 2003). 

History 

The condition was originally described by Dr Robert Douglas Sweet 
in 1964 in the British Journal of Dermatology (Sweet, 1964). He 
summarized the cardinal features of a distinctive and severe illness 
that he had encountered in eight women during the period from 
1949 through 1964. 

Epidemiology and classification 

SS has a worldwide distribution and no racial predilection. 
An annual incidence of 2:1000 000 was estimated in Scotland 
(Kemmett and Hunter, 1990). Prevalences of 1:250 (Gunawardena 
etal., 1975) to 1:1200 (von den Driesch, 1994) were found in der¬ 
matology outpatient departments. The disease occurs in patients 
of any age. The female sex predominates with a ratio of 2.3:1 to 
3.7:1 (von den Driesch, 1994). However, this predilection of one 
sex cannot be discerned in childhood. Women between the ages of 
30 and 50 years are the individuals in whom SS most often occurs. 
However SS may also involve younger patients. Classical or idio¬ 
pathic SS may be associated with infection (upper respiratory or 
gastrointestinal tract), inflammatory bowel disease, and/or preg¬ 
nancy (Cohen and Kurzrock, 1993, 2003). 

As many cases of SS are cancer related, several authors distin¬ 
guish between the classical form and the malignancy-associated 
form of the disease (Cohen etal., 1988,1993; Cohen and Kurzrock 
1993; Cooper etal. , 1983). Several patients with a drug-related vari¬ 
ant of the dermatosis have been recently described (Walker and 
Cohen, 1996). Many drugs (trans retinoic acid, carbamazepine, 


diazepam, hydralazine, diclofenac, minocycline, nitrofurantoine, 
propylthiouracil, levonorgestrel, ethinyl estradiol) have been asso¬ 
ciated with the occurrence of the dermatosis (Sitjas et al., 
1993; Walker and Cohen, 1996); however, the administration of 
granulocyte-colony stimulating factor is considered to be respon¬ 
sible for the majority of drug-induced SS (Shimizu etal., 1996). 

SS may recur following either therapy induced or spontaneous 
remission (Cohen ef al., 1989). The duration of remission is variable 
between recurrent episodes of the dermatosis. In cancer patients, 
SS recurrences are more common; often the reappearance of 
dermatosis-associated symptoms and lesions represents the ini¬ 
tial manifestation of recurrent malignancy (Cohen and Kurzrock, 
1987). 

Symptoms 

Fever and leukocytosis usually accompany the skin eruption. The 
fever can precede the skin disease by several days or weeks or be 
present concurrently during the entire episode of the dermatosis. 
Other symptoms include arthralgia, general malaise, headache, 
and myalgia. The eyes are involved in about two-thirds of patients; 
these ophthalmological conditions are mainly conjunctivitis and 
episcleritis (Cohen and Kurzrock, 2000; Hisanaga etal., 2005). 

Skin lesions 

The skin lesions typically appear as tender and red or purple- 
red. They most often occur on the upper extremities, face, and/or 
neck. The lesions may have a transparent, vesicle-like appearance 
secondary to pronounced edema. The lesions enlarge over a period 
of days to weeks. The painful lesions resolve spontaneously or after 
treatment, without scarring (Gunawardena etal., 1975). Less com¬ 
monly, the lesions can present as a pustular dermatosis. This clin¬ 
ical variant of SS includes patients with neutrophilic dermatosis 
of the dorsal hands (DiCaudo and Connolly, 2002; Sommer etal., 
2000 ). 

Concomitant diseases 

A malignancy may be found in about one-third of SS patients. 
Many instances are related to lymphoproliferative disorders such 
as acute and chronic leukemia, acute and chronic lymphatic 
leukemia, hairy cell leukemia, polycythemia vera, non-Hodgkin’s 
lymphoma, Hodgkin’s lymphoma, and other diseases of the 
hematopoietic system (von den Driesch, 1994). Some patients 
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with solid tumors have been repeatedly described in associa¬ 
tion with SS (Cohen et al., 1993; Geelkerken et al., 1994; von den 
Driesch, 1994), including mainly breast, uterine, prostate, colon, 
and rectal cancers. All other organs may also be affected. An infec¬ 
tion is sometimes found simultaneously with SS and is caused 
by the most diverse pathogens such as yersinias, salmonellae, 
Helicobacter pylori, Mycobacteria leprae, HIV, mycobacteria, and 
cytomegalovirus (further references in von den Driesch, 1994). 
Autoimmune diseases such as BehceL’s disease (Cho et al., 1989; 
MizoguchieZa/., 1988), Crohn’s disease [Lyetal., 1995; Perales etal., 
1997), ulcerative colitis (Hommeleffl/., 1993; Kemmett and Hunter, 
1990; SitjasefaZ., 1993; Sweet, 1964; von denDriesch, 1994), Sjogren 
syndrome (Bianconcini et al., 1991; Levenstein et al., 1991; Vatan 
et al., 1997), lupus erythematosus (Goette, 1985; Sequeira et al., 
1986), thyroiditis (Alcalay ef «Z., 1987; von den Driesch, 1994), and 
rheumatoid arthritis (Delaporte et al., 1989; Kemmett and Hunter, 
1990; von den Driesch, 1994) may also be associated with SS. SS 
has also been frequendy described in pregnancy (see references 
in von den Driesch, 1994). 

Pathology 

The pathologic features of SS characteristically involve the der¬ 
mis. There is an infiltrate of mature neutrophils in the superfi¬ 
cial dermis (Jordaan, 1989; Su et al., 1995; Sweet, 1964; von den 
Driesch, 1994). Swelling of the endothelial cells, dilatation of the 
small blood vessels, and fragmentation of the neutrophil nuclei 
(which is referred to as leukocytoclasia) are also often present. The 
composition and location of the inflammatory infiltrate can vary. 
The mature neutrophil is the typical and most frequent inflam¬ 
matory cell in SS lesions, yet occasional lymphocytes or histio¬ 
cytes may be present in the inflammatory infiltrate. In addition, 
eosinophils have been noted in the cutaneous lesions of some 
patients with drug-induced SS (Going et al., 1987; Matsuda et al., 
1994). 

Laboratory findings 

An elevated erythrocyte sedimentation rate (ESR) and peripheral 
leukocytosis with neutrophilia are the most consistent laboratory 
findings in SS (Cohen and Kurzrock, 2000). Specifically in patients 
with malignancy-associated SS, anemia, a normal or low neu¬ 
trophil count, and/or abnormal platelet count may be observed 
(Cohen and Kurzrock, 1993). 

Diagnosis and clinical differential diagnosis 

For the diagnosis of SS, two obligatory (major) and two of the 
four facultative (minor) criteria must be fulfilled (Table 53.1). The 
morphology of SS skin lesions can mimic that of several other 
mucocutaneous and systemic conditions. The differential diag¬ 
nosis of SS includes infectious and inflammatory disorders such 
as bacterial sepsis, cellulitis, erysipelas, herpes simplex virus infec¬ 
tion, leprosy, lymphangitis, panniculitis, pyoderma gangreno¬ 
sum, syphilis, systemic mycosis, thrombophlebitis, tuberculosis, 
and varicella-zoster virus infection; neoplastic conditions such 
as chloroma, leukemia cutis, lymphoma, and metastatic tumor; 


Table 53.1 Diagnostic criteria for SS 


Major criteria 

Abrupt onset of tender, painful erythematous or violaceous plaques or 
nodules 

Predominantly neutrophilic infiltration in dermis without 
leukocytoclastic vasculitis 

Minor criteria 

Prodromal symptoms of fever or infection 

Concurrent association with fever, arthralgia, conjunctivitis, or 
underlying malignancy 

Laboratory finding or leukocytosis or ESR >50 mm/1 h 

Good response to therapy with systemic steroids 

Both major criteria and at least two of the minor criteria must be 
fulfilled to justify a diagnosis of SS. 

Source: Su etal., 1995, with permission from Elsevier © 1995. 

reactive erythemas such as vasculitis (leukocytoclastic vasculitis; 
other cutaneous conditions such as acne vulgaris and granuloma 
faciale; and other systemic diseases such as Behcet’s disease, bowel 
bypass syndrome, dermatomyositis, familial Mediterranean fever, 
and lupus erythematosus (Cohen and Kurzrock, 2003). 

SS and the central nervous system 

Hisanaga et al. (2005) reported 27 cases of probable neuro-Sweet 
disease. Both sexes were almost equally affected. Encephalitis and 
meningitis were the most common neurological manifestations. 
Any region of the central nervous system (CNS) may be involved 
resulting in a variety of neurological symptoms (Table 53.2). Fur¬ 
thermore, a high frequency of human leukocyte antigen (HLA) B54 
is reported in particular in Japanese patients with SS. Systemic cor¬ 
ticosteroids were effective for most of the neurological symptoms. 
Other patients with involvement of the CNS have been reported in 
the literature. In 1983, Chiba described a 46-year-old man with SS 
who had convulsions and showed slowing on electroencephalo¬ 
grams (EEGs) as well as cerebral atrophy on cranial CT scans. 
The patient later developed myoclonus resistant to treatment as 
well as depression. The cerebrospinal fluid (CSF) was normal. In 
1992, Dunn et al. reported a 7-week-old boy with SS and aseptic 
meningitis that developed following otitis media and an infection 
of the upper airways. Furukawa et al. (1992) as well as Martinez 
et al. (1995) each described a patient with slight meningitis (cell 
count 29/mm 3 [Furukawa et al., 1992] and 31/mm 3 [Martinez 
et al., 1995]) without neurological deficits in connection with SS. 

Only two patients with brain ischemia with focal neurolog¬ 
ical deficits have been reported to date. The first patient was 
reported by Druschky et al. in 1996. This was a 69-year-old man 
who developed bronchitis 14 days before inpatient admission. 
He received antibiotic treatment for suspected meningitis. On 
inpatient admission, he showed the typical skin changes of SS, 
meningism, and a slight to moderately severe right hemipare- 
sis. The ESR was very high (100 m/h). Leukocytosis of 26600/mL 
with 87.2% granulocytes and 7.7% lymphocytes was found with 
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Table 53.2 Neurological signs and symptoms in patients with 
neuro-Sweet (n = 27) 

Signs and symptoms 

n 

% 

Headache 

14 

50 

Consciousness disturbance 

11 

41 

Epilepsy 

8 

29 

Hemiparesis 

8 

29 

Memory disturbance 

5 

19 

Psychiatric disorder 

5 

19 

Involuntary movement 

4 

15 

Ocular movement disorder 

4 

15 

Dysarthria 

4 

15 

Sensory disturbance 

4 

15 

Ataxia 

3 

11 


Source : Hisanaga etal., 2005, with permission. 


pleocytosis of 51 cells/mm 3 in the CSF. Polymerase chain reac¬ 
tion for Borrelia burgdorferi and herpesvirus were negative. MRI 
and Doppler sonography were normal. A broad-scale antibiotic 
treatment (ceftriaxone, fosfomycin, penicillin) administered for 2 
weeks remained unsuccessful. After confirmation of the diagnosis 
by the dermatological consultant on the basis of the typical histo¬ 
logical finding, 100-mg methylprednisolone treatment was begun. 
The patient then initially developed slight paresis of the left arm 
and the left leg. Assuming that the patient had cerebral vasculi¬ 
tis, 250 mg of prednisolone was then administered intravenously. 
The skin changes regressed quickly under this treatment, and the 
cell count in the CSF fell to 8/mm 3 after 13 days. After 4 weeks, 
the motor deficit had markedly improved. A CT scan and cerebral 
angiography did not show any indications of vasculitis. 

The second patient was reported by Ohori et al. (1999). A 54- 
year-old woman visited the emergency service complaining of a 
severe language disturbance. She spoke fluently, but most of the 
words were merely meaningless syllables. This jargon state lasted 
only 4 hours, then her abnormal speech rapidly and completely 
recovered within 24 hours. She had also developed painful oral 
ulcers, fever, and erythema-like eruptions on her face for about 
3 weeks. Skin biopsy of a facial lesion showed a dense infiltrate 
of neutrophils in the dermis and minimal features of vasculitis, 
which, with other typical clinical findings, led us to the diagnosis 
of SS. Although head CT scans, MRIs, magnetic resonance angio¬ 
graphy (MRA), or single photon emission computed tomography 
(SPECT) could not detect any brain lesions, a CSF examination 
showed a slight pleocytosis of 38/mm 3 with 47% polymorphonu¬ 
clear cells. It was speculated that the transient aphasia was due to 
a focal lesion in the CNS attributable to SS. 

Treatment 

The standard therapy is administration of prednisone or pred¬ 
nisolone at an initial dose of 0.5-1.5 mg/kg body weight with a 
subsequent slow reduction over 2-4 weeks. Fever and arthralgias 
mostly subside within 2 days and the skin eruptions within 7 days 


(Su etal., 1995; von den Driesch, 1994). Twenty to thirty percent of 
patients have recurrences (Kemmett and Hunter, 1990; Sitjas etal., 
1993). Potassium iodide, colchicine, dapsone, doxycycline, clofaz¬ 
imine, and nonsteroid anti-inflammatory drugs (indomethacin, 
naproxen) are recommended as alternatives (especially in the con¬ 
text of recurrences). 
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NEPHROTIC SYNDROME AND OTHER 
RENAL DISEASES AND STROKE 

Rima M. Dafer, Jose Biller, and Alfredo M. Lopez-Yunez 


Introduction 

Nephrotic syndrome is defined as proteinuria exceeding 3.5 grams 
per day, hypoalbuminemia, hyperlipidemia, and edema. (Arneil, 
1971; Orth and Ritz, 1998) Nephrotic syndrome, first described by 
Volhard and Fahr in 1914, is common in both children and adults. 
Idiopathic nephrotic syndrome accounts for 85% of children and 
25% of adults with the disorder. Secondary systemic disorders, 
which may affect the renal glomeruli, could also contribute to the 
syndrome. 

Minimal change disease (MCD) is the most common cause of 
nephrotic syndrome in children, although it is not uncommon 
among adults. The cause of minimal change nephrotic syndrome 
is unknown; the disease may be preceded by viral infection, aller¬ 
gic reactions, or recent immunizations. Membranous glomeru- 
lonephropathy (MGN) accounts for most of the cases of nephrotic 
syndrome in adults older than 40 years. MGN may be idiopathic or 
may result secondary to systemic conditions, which may affect the 
renal glomeruli such as diabetes mellitus or amyloidosis (Orth and 
Ritz, 1998). Others causes include malignancies (e.g. solid tumors, 
lymphoma, leukemia, multiple myeloma, pheochromocytoma), 
systemic infections (e.g. group A (3-hemolytic streptococci, hep¬ 
atitis B, hepatitis C, human immunodeficiency virus, malaria, vari¬ 
cella, infectious mononucleosis, tuberculosis, syphilis), noninfec- 
tious inflammatory systemic vasculopathies (e.g. systemic lupus 
erythematosus [SLE], polyarteritis nodosa, Wegener granulomato¬ 
sis, Takayasu’s, Sjogrens’ disease, rheumatoid arthritis), hyper¬ 
sensitivity vasculitides (e.g. Henoch-Schonlein purpura, mixed 
cryoglobulimemia), and Fabry’s disease. Other potential causes 
include medications such as gold, penicillamine, nonsteroidal 
anti-inflammatory drugs, trimethadione, probenecid, captopril, 
lithium, warfarin, penicillamine, mercury, paramethadione), tox¬ 
ins (e.g. mercury, bee sting, poison ivy and oak, snake venom 
(Olson and Schwartz, 1998). 

Thromboembolic events are rare but known complications 
of renal diseases. Nephrotic syndrome, particularly when asso¬ 
ciated with idiopathic MGN, and less frequently with diabetic 
nephropathy and MCD carries a high risk of thrombotic com¬ 
plications with a cumulative incidence of approximating 50% 
(Andrassy et al., 1983; Cameron, 1987). Most thrombotic com¬ 
plications occur outside the central nervous system, most com¬ 
monly renal vein thrombosis with an incidence of 10-20% (Harris 
and Ismail, 1994). The incidence of extrarenal venous thrombo¬ 
sis is 20%; deep venous thrombosis and pulmonary embolism are 


the most common venoocclusive manifestations in children (8%- 
28%) (Bernard, 1988; Llach, 1984). 

Cerebral thrombo-occlusive complications have been well- 
recognized complications of the nephrotic syndrome in both chil¬ 
dren and adults. Such complications usually correlate with the 
severity of hypoalbuminemia and hypercholesterolemia. Other 
contributing factors include poor response to steroids, hypov¬ 
olemia, and degree of hyperviscosity. 

Pathophysiology 

The pathogenesis of thromboembolic complications in patients 
with nephrotic syndrome remains unclear. Several factors have 
been implicated in the development of venous and arterial throm¬ 
boembolism. Endothelial cell injury (Cosson etal., 2006; Malyszko 
et al., 2004), platelet hyperreactivity and hyperaggregability sec¬ 
ondary to increased activity of adenosine biphosphate (Kanfer, 
1990; Orth and Ritz, 1998, lead to thrombosis. Other mechanisms 
of thrombosis include hyperviscosity and disturbance of the coag¬ 
ulation cascade secondary to excessive urinary excretion of physi¬ 
ological coagulation proteins such as antithrombin (AT), free pro¬ 
tein S, and protein C, hypoalbuminemia, and increased levels of 
several procoagulant coagulation factors such as V, VII, VIII, and X 
(Table 54.1) (Cameron, 1984; Citak etal., 2000; Molino etal., 2004; 
Vaziri, 1983). 

Microalbuminuria and vascular complications 

Microalbuminuria is an index of generalized vascular endothelial 
dysfunction, especially in hypertension and diabetes (Cao et al. } 
2006; Jager et al ., 1999) and a well-recognized risk factor for stroke 
in men and women, independent of other vascular risk factors and 
regardless of stroke mechanism (Beamer etal., 1999; Romundstad 
etal., 2003). 

Microalbuminuria is defined as a urinary albumin-creatinine 
ratio of 30-299 (Jig/mg per hour period; it is prevalent in 6.1% of 
men and 9.7% of women in the general population in the United 
States (Jones etal., 2002). In normal urine, the biggest excreted pro¬ 
tein fraction consists of Tamm-Horsfall protein, originating from 
renal tubular cells. Low-molecular-weight plasma proteins such 
as insulin and parathormone are filtered through the glomerular 
basement membrane and then reabsorbed by the tubular cells. 
The appearance of any of these proteins in urine is indicative of 
tubular damage. Conversely, medium-sized (40-150 kd) plasma 
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fable 54.1 Potential contributing factors for hypercoagulability in 
nephrotic syndrome 


Platelet disorders 

Thrombocytosis 

Increased thromboglobulin levels 
Increased platelet hyperaggregability 
Increased platelet activity and function 
Increased von Willebrand factor levels 
Release of b- thrombomodulin 
Elevated Platelet factor 4 

Abnormal sialoglycoprotein and other negative-charge sites 

Increased procoagulant activity 

a2-macroglobulin 
C4b-binding protein 
Anti-cardiolipin antibodies 
Lupus anticoagulant 
Factor V Leiden mutation 
Fibrinogen level 
Factor V, VII, VIII. X 
a 2 antiplasmin 
Hypoalbuminemia 
tPAandPAI-1 
Hyperhomocysteinemia 
Lipoprotein (a) 

Decreased physiological proteins 

AT 

Free protein-S 

Protein C activity 

Decreased fibrinolysis 

Decreased factor IX, XI, XII 

Decreased plasminogen 

Hemoconcentration and hyperviscosity 

Volume depletion 

Hypertension 

Pregnancy 

Malignancy 

Immune complex deposition 

Infections 

Dyslipidemia 

Altered endothelial function 
Increased thrombomodulin 
Increased intracellular adhesion molecules 
Increased vascular cell adhesion molecules 
Increased TAFI 

Increased vascular endothelial growth factor 

Drugs 

Steroids 

Diuretics 

Oral contraceptives 

tPA = tissue plasminogen activator; PAI-1 = plasminogen activator 
inhibitor type I; TAFI = thrombin activatable fibrinolysis inhibitor; 
AT = antithonbin. 


proteins (albumin, transferrin, and high-density lipoprotein par¬ 
ticles among others) are not filtered in the glomerulus; therefore, 
the appearance of these proteins in the urine indicates alteration 
of the glomerular barrier (Schnaper and Robson, 1996). 

In patients with arterial hypertension, the presence of low renal 
plasma flow and increased renal vascular resistance may lead 
to higher filtration fraction and increased albumin transmem¬ 
brane escape. Microalbuminuria occurs in ll%-40% of persons 
with essential hypertension, the prevalence increasing with age 
and the duration of hypertension. Hypertensive patients with 
microalbuminuria have shown higher glomerular filtration rates 
and higher plasma renin activity when compared with patients 
without microalbuminuria. Several studies in general unselected 
populations and in nondiabetic populations have also shown posi¬ 
tive correlations between increased urinary albumin excretion and 
systolic and diastolic blood pressures (Bianchi etal., 1999; Jensen 
etal., 2000; Karalliedde and Viberti, 2004). 

Microalbuminuria is a predictor of all-cause mortality in the 
general population, with a higher risk of death from coronary 
artery disease, mainly among type 2 diabetics. (Bloch and Basile, 
2005) In a study by Hillege etal. (2002), a twofold increase in urine 
albumin excretion was associated with a relative risk of 1.29 for 
cardiovascular mortality (95% confidence interval [Cl], 1.18-1.40) 
and 1.12 (95% Cl, 1.04-1.21) for other causes of death. 

Microalbuminuria is independently associated with approxi¬ 
mately 50% increased risk of stroke in the general population 
(Beamer et al. } 1999; Ravera et al. } 2002; Turaj et al., 2001; Yuyun 
et al., 2004). In a prospective study of 23 630 individuals aged 40- 
79 years, microalbuminuria was independently associated with a 
50% increased risk of stroke in the general population, with a haz¬ 
ard ratio (95% Cl) of 2.01 (1.29-3.31). BigazziefflZ. (1995) reported 
an increased intima-media thickening in patients with essential 
hypertension, which significantly correlated with microalbumin¬ 
uria, blood pressure, and hyperlipidemia (Bigazzi et al., 1995; 
Mykkanen etal., 1997). 

Microalbuminuria is also associated with proliferative diabetic 
retinopathy (Manaviat et al., 2004; Singh et al., 2001). In a cross- 
sectional study of 590 patients with type 2 diabetes, the preva¬ 
lence of microalbuminuria and macroalbuminuria was 25.9% and 
14.5%, respectively (p = .001). (Manaviat etal., 2004). Patients with 
diabetic retinopathy and microalbuminuria represent a group 
with incipient diabetic nephropathy with higher risk for progres¬ 
sion to overt proteinuria (Kim etal., 2004). 

Microalbuminuria is considered to be a marker of overt 
nephropathy in diabetic patients, with evident widespread 
angiopathy (Jensen etal., 2000). The risk of progression from sub- 
clinical to overt clinic disease within 10 years is as high as 80% 
(Mogensen and Christianson, 1994). 

Hyperlipidemia 

Hyperlipidemia may also contribute to the increased risk for 
thrombosis seen in nephrotic syndrome. Several abnormalities 
in lipid metabolism are observed, including elevations in total 
cholesterol, very low-density lipoprotein, intermediate-density 
lipoprotein, low-density lipoprotein, and hepatic overproduction 
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Table 54.2 Mechanisms of cerebral infarction in 
nephrotic syndrome 


Hypercoagulability 

Hypovolemia 

Large-vessel atherosclerotic occlusive disease 
Non-atherosclerotic noninfectious inflammatory vasculopathies 
Non-atherosclerotic infectious inflammatory vasculopathies 


of lipoprotein (a) (Kronenberg, 2005). These abnormalities may 
lead to the development of atherosclerosis, endothelial dysfunc¬ 
tion, or exacerbation of glomerular injury. Lipoprotein (a), an 
atherogenic and thrombogenic lipoprotein, inhibits fibrinolysis 
by competing with the binding of plasminogen to fibrin and to 
the plasminogen receptor (Kronenberg, 2005). Lipoprotein (a) has 
been associated with increased risk for atherosclerotic coronary 
and cerebrovascular disease (Kronenberg era/., 1996; Kuge era/., 
2004). 

Cerebrovascular disorders and 
nephrotic syndrome 

Brain infarction due to arterial pathology 

Arterial complications are relatively less common than venous 
thrombosis. Nephrotic syndrome carries a risk for coronary artery 
disease and arterial cerebrovascular disease, predominantly in 
diabetics (Cameron, 1987; Crew et al., 2004; Ordonez etal., 1993). 

Cerebral arterial infarction is an uncommon yet treatable cause 
of stroke in patients with nephrotic syndrome, predominantly in 
patients with MGN followed by focal segmental glomerulosclero¬ 
sis and immunoglobulin A (IgA) nephropathy, and rarely minimal 
change nephropathy. 

The association between arterial ischemic strokes and nephrotic 
syndrome is well recognized but not well understood. Potential 
mechanisms of arterial strokes in patients with nephrotic syn¬ 
drome are summarized in Table 54.2. 

Miller et al. (1969) first reported the association of stroke and 
nephrotic syndrome, but the information was insufficient to 
exclude other causes of cerebral infarction. Fewer than 20 reports 
of artery-related brain infarction with nephrotic syndrome in 
both adults and children have been published in the English lit¬ 
erature since this early observation, with fatal outcome in four 
patients. In 1990, Parag etal. evaluated ayoung man with nephrotic 
syndrome associated with left hemiparesis secondary to middle 
cerebral artery (MCA) thrombosis. On examination he also had 
anasarca and a superficial abdominal cellulitis. He had a serum 
albumin of 0.7 g/ dL, a 24-hour urinary protein of 10 g, hypercholes¬ 
terolemia, elevated fibrinogen of 1440 mg/dL, and a decreased AT 
level of 36%. Clinical course was complicated by a left femoral 
artery thrombosis. Treatment included embolectomy and hep¬ 
arin, but he eventually died from pulmonary edema. On autopsy, 
the kidney showed MCD with fusion of podocytes on electron 
microscopy. 


Marsh et al. (1991) reported two young patients with MCA 
distribution stroke and nephrotic syndrome. The first patient, a 

36- year-old man, had a left MCA occlusion in the absence 
of vascular risk factors or family history of hypercoagulable 
disorder. There was no evidence of deep venous thrombosis, 
cardioembolic sources, or large-vessel disease. He had severe 
hypoalbuminemia and proteinuria, hypocomplementemia, ele¬ 
vated fibrinogen levels, and low free protein S, with otherwise neg¬ 
ative prothrombotic and rheumatologic evaluation. Renal biopsy 
was not obtained. He showed partial improvement after warfarin 
treatment. The second patient, a 34-year-old man, had a right MCA 
territory infarction. He had a history of pulmonary embolism and 
cigarette smoking and a remote history of polysubstance abuse. 
Family history suggested arterial thrombotic events. Ancillary tests 
excluded cardioembolic and large-vessel occlusive sources. He 
had an elevated erythrocyte sedimentation rate, hypoalbumine¬ 
mia, marked proteinuria, elevated fibrinogen levels, and nor¬ 
mal rheumatologic and prothrombotic evaluation. Free protein 
S was not obtained. Renal biopsy showed membranous glomeru¬ 
lonephritis. He received prednisone and aspirin, but 4 months 
later, following recurrent pulmonary embolism, he received anti¬ 
coagulant therapy. 

Fritz and Braune (1992) reporteda51-year-oldmanwitharight 
MCA territory infarction. Aside from cigarette smoking, no other 
vascular risk factors were found. The patient had all the cardinal 
manifestations of nephrotic syndrome, including hyperlipidemia. 
Serum fibrinogen level was elevated, andAT and plasminogen lev¬ 
els were decreased. No renal biopsy was obtained. A diagnosis 
of associated hypercoagulable disorder was made, but no infor¬ 
mation was given regarding treatment (Fritz and Braune, 1992). 
Fuh et al. (1992) found evidence of similar hemostatic abnor¬ 
malities in seven patients with stroke associated with nephrotic 
syndrome. 

Chaturvedi (1993) reported a fatal case of bilateral cere¬ 
bral infarctions associated with membranous nephropathy in a 

37- year-old woman with a history of arterial hypertension and 
cigarette smoking. She presented with a left MCA territory infarc¬ 
tion and also had occlusion of both the right axillary and radial 
arteries. Ancillary investigations showed elevated erythrocyte sed¬ 
imentation rate, raised fibrinogen levels, and findings consistent 
with nephrotic syndrome. Treatment included intravenous hep¬ 
arin and thrombectomy of the right arm thrombi. Her course was 
complicated by bilateral cerebellar infarctions progressing rapidly 
to brain death, despite a suboccipital decompression. Autopsy 
disclosed left ventricular hypertrophy with no cardiac embolic 
source and early membranous nephropathy with subepithelial 
intramembranous deposits on electron microscopy. No evidence 
for malignancy or cerebral vasculitis was found (Chaturvedi, 
1993). 

Song etal. (1994) described a 39-year-old woman with a history 
of membranoproliferative glomerulonephritis who had dysarthria 
and a left hemiparesis. She had a slight anemia, hypoalbumine¬ 
mia, and a 24-hour proteinuria of 3.4 g. Platelet count and serum 
fibrinogen level were normal. Protein C activity was elevated, and 
plasma antigen level of total protein S and free protein S content 
were decreased. CT scan of the brain showed multiple subcortical 
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hypo densities involving the right frontal lobe. The patient received 
warfarin and showed partial improvement (Song etal., 1994). 

Another cause of stroke among patients with nephrotic syn¬ 
drome is cardioembolism. Huang and Chau (1995) evaluated a dia¬ 
betic patient with nephrotic syndrome without significant carotid 
atherosclerosis or cardiac disease who developed biventricular 
thrombi complicated by cerebral infarction. Two-dimensional 
echocardiography showed a left ventricular thrombus, an intra¬ 
mural right ventricular thrombus, normal chamber size and sep¬ 
tum wall thickness, and no regional wall motion abnormalities. He 
received warfarin, and eventually attained full neurological recov¬ 
ery. The authors concluded that, in the absence of overt cardiac 
pathology, a hypercoagulable state associated with nephrotic syn¬ 
drome was the likely cause of biventricular thrombi. 

De Gauna et al. (1996) evaluated a 45-year-old man with MGN 
and nephrotic syndrome complicated by occlusion of the posterior 
inferior cerebellar artery resulting in a Wallenberg syndrome; he 
also had elevated fibrinogen levels. 

Ahmed and Saeed (1995) described a 42-year-old man who 
presented with chest pain, hemoptysis, and dyspnea. He was 
found to have disseminated venous thrombosis in the pulmonary 
artery, deep veins of the lower extremities, renal veins, and infe¬ 
rior vena cava. He had thrombocytopenia, hypoalbuminemia, 
decreased AT levels, hypercholesterolemia, and elevated fibrino¬ 
gen. He received anticoagulants and prednisone, but 2 years later 
developed a right MCA territory infarction. Prothrombin time was 
12.4s (international normalized ratio [INR] was not reported), and 
24-h urine protein was 18 g. The authors reported no additional 
ancillary studies from the second admission, and they attributed 
his cerebral infarction to an underlying hypercoagulable disorder 
and subtherapeutic anticoagulation; the possibility of paradoxical 
embolism was apparently not entertained. 

Leno et al. (1992) evaluated a 30-year-old hypertensive man 
who had a fatal basilar artery thrombosis 10 months following the 
diagnosis of MGN and hypercholesterolemia of 857 mg/dL. Aside 
from hyperlipidemia and an elevated erythrocyte sedimentation 
rate, there was no laboratory evidence to support the diagnosis of 
thrombophilia. 

Lee et al. (2000) described a 35-year-old woman with brain 
infarction and concurrent femoral artery thrombosis. She received 
a thrombectomy of the femoral artery and achieved full recovery 
on anticoagulation and immunosuppressive therapy. 

PandianefaZ. (2000)reportedapatientwithnephroticsyndrome 
secondary to minimal-change disease in a 42-year-old man with 
history of hypertension, hyperlipidemia, and cigarette smoking, 
complicated by deep vein thrombosis, and fulminant infarction 
secondary to thrombosis of the right internal carotid artery extend¬ 
ing to the anterior cerebral arteries and MCAs. Albumin level was 
1.5 g/dL; protein C, protein S, AT, fibrinogen, and plasminogen 
tests were not performed. 

More recently, Yunetal. (2004) describeda53-year-oldmanwith 
a longstanding history of cigarette smoking who presented with 
left-sided weakness, dysarthria, and headache 3 weeks following 
the diagnosis of nephrotic syndrome secondary to focal glomeru¬ 
lar sclerosis. Patient was on diuretics, angiotensin-converting 
enzyme inhibitors (ACEIs), prednisolone, and lamivudine for viral 


hepatitis prevention. Magnetic resonance angiography (MRA) 
showed a right MCA distribution infarction. Free protein S level 
was 35%. AT and fibrinogen levels were normal. He received anti¬ 
coagulation and had no recurrent neurological symptoms at 1 -year 
followup (Yun etal., 2004). 

Kotani and Kawano (2005) evaluated a 28-year-old woman with 
right hemiparesis. She had a personal history of cigarette smok¬ 
ing and a family history of stroke and coronary artery disease. 
Hematological studies including coagulation and fibrinolysis were 
normal. Cholesterol level was 294 mgZdL, and albumin was 
2.6 gZdL. Serum lipoprotein (a) was 266 mg/dL. CT scan showed 
a subcortical white matter infarction. The patient was subse¬ 
quently diagnosed with nephrotic syndrome. She declined renal 
biopsy. She was treated with ACEIs, platelet antiaggregants, and 
corticosteroids. At 3 months follow up, lipoprotein (a) remained 
elevated (Kotani and Kawano, 2005). 

Other reported causes of cerebral infarction and myocardial 
infarction associated with hyperlipoproteinemia and nephrotic 
syndrome have been reported in patients with SLE (Haba et al., 
1988; Takegoshi etal., 1990). 

Reports of brain artery-related infarctions in adults with 
nephrotic syndrome are summarized in Table 54.3. 

Brain infarction may also complicate the course of children with 
nephrotic syndrome. Thrombosis may be either venous or arte¬ 
rial, occurring anywhere from <2% (Egli etal., 1973) to one-third 
of patients (Hoyer etal., 1986). In 1984, the International Study of 
Kidney Disease in Children studied the mortality of children with 
nephrotic syndrome and minimal change on renal biopsy (Report 
of the International Study of Kidney Disease in Children, 1984). 
Of 389 patients with minimal changes on renal biopsy, 10 patients 
died, one had cerebral venous thrombosis (CVT), and none had a 
cerebral infarction. Although these data stress the low frequency 
of these complications, it should be remembered that cerebrovas¬ 
cular events might be asymptomatic, overlooked, or (not uncom¬ 
monly) misinterpreted. 

Thrombi involving the large vessels have been found on autopsy 
in 20% of patients affected by the congenital nephrotic syndrome 
of the Finnish type (Huttunen, 1976). Many cases of cerebral 
infarctions secondary to arterial thrombosis have been reported in 
children, with fulminant outcome (Chou and Chen, 1991; Raghu 
etal., 1981). While some reports provide insufficient information to 
allow further analysis of stroke mechanisms, others suggest hemo¬ 
dynamic rather than thromboembolic mechanisms (Huemer 
etal., 1998; Raghu etal., 1981). 

Congenital nephrotic syndrome may also follow focal seg¬ 
mental glomerulosclerosis in association with dysmorphic fea¬ 
tures and systemic involvement (Ehrich et al., 1995). Ehrich et 
al. described five patients with steroid-resistant nephrotic syn¬ 
drome associated with spondyloepiphyseal dysplasia, growth fail¬ 
ure, and lymphopenia. They also had episodic neurologic deficits 
including ataxia, dysarthria, hemiparesis, and amaurosis fugax. 
The authors hypothesized that these transient ischemic attacks are 
secondary to a generalized vascular defect involving the glomeru¬ 
lar capillaries and the cerebral arteries. However, in the absence 
of definitive ancillary studies to allow exclusion of other causes 
of cerebral ischemia in these children, a sensible conclusion 
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Table 54.3 Arterial 

1 cerebral thrombosis in adults with nephrotic syndrome 









Hematological abnormalities 






Arterial 





Neurological 

Author (Year) 

Age/Gender 

Disease 

distribution 

Albg/dL 

Free PS% AT% 

Other 

Rx 

Outcome 

Levine etal., 

40/F 

N/A 

Bilateral PCA 

N/A 




Partial R 

1989 



and SCA 






Parag etal., 1990 

23/M 

MCD 

Left MCA 

0.7 

Low 


AC 

Died 

Takegoshi etal., 

18/M 

N/A 

N/A 



Lipoprotein (a) 

Apheresis 


1990 









Marsh etal., 

36/M 

N/A 

Left MCA 

2.4 

Low NL 


AC 

Partial R 

1991 









Marsh etal., 

34/M 

MGN 

Right MCA 

2.7 

NL 


ASA + 


1991 







P; AC 


Fritz and 

51/M 

NA 

MCA 

2.0 

Low 




Braune, 1992 









Fuh etal., 1992 

28/M 

MGN 

Right MCA 

1.6 

Low 


AC 

Partial R 

Fuh etal., 1992 

21/M 

MCD 

Right MCA 

1.5 

Low 

Low PC 

AC 

Partial R 

Leno etal., 1992 

30/M 

MGN 

VB 

2.9 

NL NL 



Died 

Chatuvedi, 1993 

37/F 

MGN 

Bilateral MCA 

2.6 

Low 


AC 

Died 

Kanazawa etal., 

78/F 

N/A 

Left MCA 






1994 









Song etal., 1994 

39/F 

MPGN 

Right MCA 


Low 


AC 

Partial R 

Huang and 

M 

N/A 

N/A 



Cardiac thrombi 

AC 

FullR 

Chau, 1995 









de Gauna etal., 

45/M 

MGN 

PICA 






1996 









Ahmed and 

42/M 

N/A 

Right MCA 


Low 


AC 


Saeed,1995 









Ogawa etal., 

59/M 

MGN 

Bilateral PCA 

1.7 

NL 




1999 









Lee etal., 2000 

35/F 

IGA 

Left MCA 

1.1 

NL 


AC 

Partial R 

Pandianefa/., 

42/M 

MCD 

Right MCA 

1.5 




Died 

2000 



Right ACA 






Naganuma et al., 

47/M 

N/A 

Left MCA 




AC 

Partial R 

2003 









Kotani and 

28/F 

N/A 

White matter 

2.6 

NL NL 

Lipoprotein (a) 

ASA + 

Partial R 

Kawano, 2005 







P 


Yun etal., 2004 

53/M 

FSG 

MCA 

1.2 

Low NL 


AC 

Partial R 


FSG = focal glomerular sclerosis; P = prednisone; ASA = aspirin; AC = anticoagulation; PE = pulmonary embolism; PCA = posterior cerebral artery; 
PICA = posterior inferior cerebellar artery; SCA = superior cerebellar artery; ACA = anterior cerebral artery; PS = protein S; PC = protein C; NL = 
normal; N/A = not available; Rx = treatment; Alb = albumin; IGA = immunoglobulin A; MGN = membranous glomerulonephritis; MCD = minimal 
change disease; MPGN = membranoproliferative glomerulonephritis; R = recovery. 


is that stroke mechanisms remain undetermined among these 
patients. 

Igarashi et al. (1988) reported two children with brain infarc¬ 
tion, one with congenital nephrotic syndrome, and one with 
minimal change nephrotic syndrome. The first patient, born at 
34 weeks gestational age, required 4 weeks of hospitalization in an 
intensive care setting because of respiratory distress syndrome. 
He had motor and language developmental delay. At 9 months 
of age, congenital nephrotic syndrome resistant to prednisone 
and cyclophosphamide was diagnosed on the basis of severe pro¬ 
teinuria, hypoalbuminemia, and focal glomerulosclerosis with 


mesangial proliferation on renal biopsy. At age 3 years, he had 
partial seizures with secondary generalization prompting pheny- 
toin treatment. Six months later, he developed right hemipare- 
sis, lethargy, and a head tilt. Ancillary studies disclosed anemia, 
thrombocytosis, hypoalbuminemia of 1.5 g/dL, total proteinuria 
of 3.4 g/dL, borderline low AT levels of 22.5 (normal 24.8-30.0), 
and multiple bilateral hypodensities on brain CT. His course 
was complicated by brain edema leading to death 6 days later. 
Autopsy showed multiple, bilateral hemispheric infarctions and 
thrombosis of the small cerebral arteries. The second patient, an 
11-year-old boy with a 9-year history of nephrotic syndrome had 
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fable 54.4 CVT in adults with nephrotic syndrome 


Hematologic 


Author (Year) 

Age/Gender 

Disease 

Clinical Picture 

Site 

abnormalities 

Rx 

Outcome 

Barthelemy etal., 1980 

50/M 

MCD 

Headache, 

SSS, LS 


AC 

Complete R 




papilledema 





Levine etal., 1989 

32/M 

N/A 

Headache, 

SSS, SS 

LA 


Complete R 




papilledema, 
superior oblique 
palsy 





Purvin etal., 1987 

34/M 

N/A 

Headache, loss of 

LS 







vision, papilledema 





Tovi etal., 1988 

46/M 

N/A 

Superior vena cava 

LS 



Complete R 




syndrome 





Bums etal., 1995 

20/M 

MCD 

Seizures, personality 

SSS 

Low AT 


Fatal 




changes 





Bums etal., 1995 

35/M 

MCD 

Headache, oculomotor 

ISS 

High 


Partial R 




nerve 


fibrinogen 



LaversuchefaZ., 1995 

42/F 

MGN 

Headache, seizure 

LS 

Low protein S 

AC 

Complete R 

Urch and Pusey, 1996 

41/F 

MCD 

Headache aphasia, 

SSS 



Complete R 




hemiparesis 





Urch and Pusey, 1996 

?/M 

MCD 

Headache, aphasia 

SSS, LS 



Complete R 

Akatsuets/., 1997 

65/F 


Headache hemiparesis 

SSS 

AT 


Complete R 

HirataefaZ., 1999 

46/M 

MCD 

Headache, papilledema 

SSS, LS 


AC 

Complete R 

Philips etal., 1999 

29/M 


Seizures, cranial nerve 

SSS, LS, SiS 


Lysis 

Complete R 




palsies 

IJV 




Sung etal., 1999 

45/F 


Hemiparesis, 

SSS 

Low protein S 


Complete R 




hemiparesthesia 





Nishi etal., 2006 

79/F 

Amyl. 

Altered mental status 

LS, SiS 



Fatal 


SSS = superior sagittal sinus; SS = straight sinus; LS = lateral sinus; SiS = sigmoid sinus; IJV = internal jugular vein; N/A = not available; LA = lupus 
anticoagulant; Rx = treatment; AC = anticoagulation; Amyl. = amyloidosis; R = recovery. 


dysarthria and bifrontal headaches that progressed to aphasia and 
right-sided hemiparesis. Laboratory data showed thrombocytosis 
of 658 000/mm 3 , albumin of 1.7, and AT levels of 58%. He received 
prednisone and warfarin until nephrotic syndrome remitted, but 
was left with a moderate right-sided hemiparesis and aphasia 
requiring special education classes. 

An unusual case of Capgras syndrome has been described in 
association with nephrotic syndrome in a 31-year-old eclamp¬ 
tic woman who became agitated and disoriented. Capgras syn¬ 
drome is a rare misidentification phenomenon whereby a patient 
believes that someone, usually a loved one, has been replaced by 
an identical looking impostor. She had the delusion that her hus¬ 
band had been replaced by an impostor. Brain CT scan was nor¬ 
mal. Renal biopsy showed IgA nephropathy. Symptoms subsided 
within 3 days. This observation raises the possibility of a probable 
reversible ischemic leukoencephalopathy in the context of hyper¬ 
tensive encephalopathy and nephrotic syndrome (Collins et al., 
1990). 

Diffuse cerebral hypoperfusion has been reported on single pho¬ 
ton emission computed tomography (SPECT) in aboy with steroid- 
resistant nephrotic syndrome who developed speech, motor, and 
developmental delay. The findings on SPECT resolved as the 


nephrotic syndrome remitted, with remarkable clinical improve¬ 
ment (Ito et al., 2002). 

Several vasculitides may also result in nephrotic syndrome, 
usually associated with membranoproliferative and cresentric 
glomerulonephritis. These include SLE, Wegener’s granulomato¬ 
sis, Goodpasture syndrome, polyarteritis nodosa, and Takayasu’s 
disease (Arita et al, 1988; Garcia et al, 2004; Haba et al., 1988; 
Levine et al., 1989; Takegoshi et al., 1990). Finally, noninflamma¬ 
tory vasculopathies may play a pathogenic role as in the patient 
with Sneddon’s syndrome, mesangial glomerulonephritis with 
segmental IgA deposition, and lacunar infarctions reported by 
Ohtani et al. (1995). 


CVI 

CVT is a well-recognized complication of nephrotic syndrome. 
Both dural sinuses and cerebral veins can be involved, most 
commonly the superior sagittal sinus. Unlike arterial thrombo¬ 
sis, which is predominantly seen in MGN, venous thrombosis is 
common in minimal-change disease (Burns etal., 1995; Cameron, 
1987; Lin etal., 2002). 
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Table 54.5 CVT in children with nephrotic syndrome 


Age 



Venous 

Hematologic 



Author (Year) 

(yr) / Gender 

Disease 

CP 

Occlusion 

abnormalities 

Rx 

Outcome 

Egliefa/., 1973 

12/M 


Headache 

SS 



Complete R 

Lau etal., 1980 

2H/M 


Seizure, hemiparesis 

SSS 

Low factor XII; 


Complete R 






high factor V 



Parchouxef al., 1981 

4m/M 


Hydrocephalus 

Bilateral LS 



Complete R 

Purvin etal., 1987 

4/F 


Coma, headache, 

SSS, SS 



Partial R 




papilledema 





Negrier etal., 1991 

2/M 


Seizure, vomiting 

SSS, CV 

Low factor XII 


Fatal 

Freycon etal., 1992 

3/M 


Vomiting, papilledema 

SSS 



Complete R 

Burns etal., 1995 

17/M 

MCD 

Headaches, seizures 

CV 

High vWF 


Complete R 

Divekarefa/., 1996 

3/M 


Seizures, papilledema 

SSS, LS 

Low AT 


Complete R 

de Saint-Martin, 1997 

3/? 


Drowsiness, 

SSS 


AC 

Complete R 




hemiparesis 





Fofah and Roth, 1997 

Newborn/F 


Seizure 

SSS, SS, LS 

Low protein S 


Partial R 






and protein C 



Mandai et al., 1997 

12/M 


Altered consciousness, 

SSS 







hemiparesis, 

convulsions 





Pillekamp etal., 1997 

5/M 


Vomiting, headache, 

SSS 

Low AT 


Complete R 




seizure 





Tullu etal., 1999 

2.5/M 

MCD 

Fever, irritability 

SSS 



Complete R 

Sungefa/., 1999 

15/M 


Headache, seizure, 

SSS 

Low protein S 


Partial R 




hemiparesis 


ACL 



Meena etal., 2000 

4/M 

MCD 

Headache, vomiting, 

SSS 

Thrombocytosis 

AC 

Complete R 




papilledema, seizures 





Lin etal., 2002 

7/M 


Status epilepticus, 

SS 


AC 

Partial R 




papilledema, coma 





Rodrigues etal., 2003 

9/M 


Headache, vomiting, 

SSS, LS 


AC 

Complete R 




papilledema 





Papachristou etal., 

8.5/F 


Vomiting, headache, 

SSS 


AC 

Complete R 

2005 



impaired 








consciousness 





Gangakhedkar etal., 

9/M 


Dehydration, seizure 


Low AT 

AC 

Partial R 

2005 









SSS = superior sagittal sinus; SS = straight sinus; LS = lateral sinus; SiS = sigmoid sinus; IJV = internal jugular vein; CV = cerebral vein; N/A = not 
available; ACL = anti-cardiolipin antibodies; Rx = treatment; AC = anticoagulation; vWF = von Willebrand Factor; R = recovery. 


Since first described by Barthelemy et al. in 1980, CVT as a 
complication of nephrotic syndrome has been well reported. The 
majority of cases of CVT may go unnoticed. When symptomatic, 
patients usually present with headaches, vomiting, seizures, 
papilledema, and focal neurological deficit. The risk is increased 
with the severity of hypoalbuminemia. The risk is increased in 
patients with associated thrombotic tendencies such as cigarette 
smoking and/or estrogen supplementation. 

Contrasted CT scan or MRI examinations usually demonstrate 
hyperdense areas along the dural sinuses. MR venogram may show 
hlling defects in the involved sinus or cerebral vein, and may 
eliminate the need for conventional cerebral angiogram. Patients 
with SLE are particularly at risk of CVT. At least one-third of the 


reported cases of CVT associated with SLE had nephrotic syn¬ 
drome (Vidailhetefa/., 1990), with an increased riskin the presence 
of anti-cardiolipin antibodies and lupus anticoagulant. Tables 54.3 
and 54.4 summarize reported CVT in adults and children with 
nephrotic syndrome. 

Intracranial hemorrhage 

Intracranial hemorrhage is not a direct complication of nephrotic 
syndrome. When present, a clear cause such as hemorrhagic trans¬ 
formation in CVT (Mandai et al., 1997), thrombocytopenia (Leung 
etal., 1998), or coexistent intracranial aneurysms (Nagayasu ef al., 
1986) is implicated. 


397 







Uncommon Causes of Stroke 


Management 

A high suspicion for stroke should be raised in patients with 
nephrotic syndrome, especially in children and young adults when 
other well-recognized risk factors of stroke are absent. MRA and 
MR venography are helpful to confirm the diagnosis, and dye- 
contrast catheter cerebral angiography is rarely necessary. Main¬ 
tenance of a normovolemic state, management of plasma lipid 
abnormalities, proteinuria, blood pressure control, and treatment 
of underlying infection are keys in the prevention of thrombotic 
complications. Caution should be taken in patients on prednisone, 
because steroids may contribute to decreased fibrinolytic activity 
by incomplete breakdown of thrombus, and may therefore poten¬ 
tiate the risk of thrombotic complications. In contrast, diuretics 
may lead to volume depletion and thereby contribute to plasma 
hemoconcentration and hyperviscosity (Cameron, 1987; Orth and 
Ritz, 1998). 

Despite the high risk of thrombotic complications in nephrotic 
syndrome, prophylactic therapy with platelet antiaggregants 
remains controversial. Neurologists have empirically used prophy¬ 
lactic anticoagulation in patients with severe hypoalbuminemia 
and marked coagulation abnormalities, especially in patients with 
MGN, in the absence of prospective randomized trials evaluating 
the efficacy of such treatment. 

Anticoagulation should be initiated in ail patients with docu¬ 
mented symptomatic thromboembolic events (Crew et al, 2004; 
Orth and Ritz, 1998). Caution should be taken when start¬ 
ing patients on oral anticoagulation, because of the relatively 
decreased AT levels of a short course of heparin is recommended 
initially, followed by warfarin (Singhal and Brimble, 2006). The 
dose of warfarin must be adjusted as necessary with changes 
in serum albumin levels. In patients with CVT presenting with 
seizures, concomitant use of anticonvulsants should be cautiously 
monitored because of the potential interaction with warfarin, and 
fluctuation of the INR. Thrombolytic therapies with urokinase or 
streptokinase may be considered in patients with rapidly pro¬ 
gressing symptoms and in patients with acute pulmonary emboli 
(Beaufils et al, 1985; Philips et al., 1999). Low-density lipopro¬ 
tein apheresis is an alternative therapy in symptomatic patients 
with veno-occlusive complications and drug-resistant hyperlipi¬ 
demia, especially in diabetics and in patients with recurrent focal 
glomerulosclerosis resistant to steroids (Stenvinkel et al., 2000; 
Takegoshi etal., 1990). 

Conclusion 

Neurologists should remain attentive to the potential danger 
associated with arterial and venous pathology in patients with 
nephrotic syndrome, specifically when membranous glomeru¬ 
lonephritis is the culprit. Nephrotic syndrome should be consid¬ 
ered in any patient with ischemic stroke and pre-existing renal 
disease, especially in young patients without other defined predis¬ 
posing conditions for cerebrovascular disease. While no consensus 
exists about the need for prophylactic anticoagulation, antiplatelet 
therapy could be beneficial in high-risk patients and in those with 
severe hypoalbuminemia. Once the diagnosis of thrombotic or 


occlusive cerebral event is established, anticoagulation should be 
immediately initiated. 
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EPIDERMAL NEVUS SYNDROME 

Bhuwan P. Garg 


Epidermal nevus 

A nevus is a hamartoma or malformation of skin in its broadest 
sense. An epidermal nevus is a benign hamartoma of the epidermis 
that may often involve the papillary dermis. Epidermal nevi arise 
primarily from the embryonic ectoderm, although mesoderm may 
also be involved (Rogers etal., 1996). The nevi are usually present 
at birth. Rogers et al. (1989) reported that 60% of the nevi were 
present at birth, 81% by 1 year, and 96% were evident by 7 years 
of age. The nevus may enlarge with age in proportion to, or in 
excess of, body growth. Disproportionate extension of nevi with 
age is rare when the nevus is present on the head and neck. Also, 
nevi present at birth enlarge much less often, irrespective of their 
location. There is no racial or gender predilection, and the nevi 
occur with equal frequency in males and females. Although most 
epidermal nevi are sporadic, autosomal dominant transmission 
has been described (Meschia etal., 1992; Rogers etal., 1996). 

Solomon et al. (1968) and Solomon and Esterly (1975) used the 
term epidermal nevus in a generic sense to encompass lesions 
such as nevus verrucosus, epithelial nevi, systematized nevi, lin¬ 
ear nevus comedonicus, acanthosis nigricans, ichthyosis hystrix, 
ichthyosis cornea, ichthyosis linearis neuropathica, linear seba¬ 
ceous nevus, nevus sebaceous of Jadassohn, and nevus unius lat- 
eris. Nevus verrucosus is often a solitary lesion, gray to yellow- 
brown in color, and velvety, granular, warty, or papillomatous in 
appearance. Nevus unius lateris is a single linear or spiral lesion, 
limited to one side of the body. This lesion may be in a contin¬ 
uous or interrupted pattern and may affect multiple sites. The 
nevus follows the long axis on the extremities and is in groups 
or spiral streaks when present on the trunk. The term system¬ 
atized epidermal nevus is used when this lesion is present on 
large parts of the body and is called ichthyosis hystrix when 
the histology of the lesion shows epidermolytic hyperkeratosis 
(ffurwitz, 1983). The most common clinical variant of epider¬ 
mal nevi is nevus unius lateris occurring frequently as a uni¬ 
lateral linear verrucous lesion. Next in frequency are whorled 
ichthyosis hystrix, acanthosis nigricans, and linear sebaceous nevi. 
Almost one-third of patients may have a combination of these nevi 
(ffurwitz, 1983; Solomon and Esterly, 1975). Hyperplasia of both 
epidermis and dermis is present in all types of epidermal nevi, 
whereas involvement of skin appendages may vary. The nevus may 
be composed primarily of keratinocytes, hair follicle elements, 
sweat glands, or sebaceous glands. Skin biopsy may show a variety 
of histologic patterns in a given patient, although most often one 
pattern predominates. Interaction of the dermis with epidermis 


and the role of dermal induction in epidermal nevi are not under¬ 
stood, although the nevus tends to recur if only the epidermal 
component is removed (Solomon and Esterly, 1975). 

Epidermal nevus syndrome 

The epidermal nevus syndrome refers to the association of any epi¬ 
dermal nevus with extracutaneous abnormalities. The most com¬ 
mon extracutaneous abnormalities are neurologic, skeletal, and 
ocular, although other organs may also be involved. In general, 
head and neck nevi are associated with neurologic abnormality, 
and skeletal abnormalities are seen more commonly when nevi 
are present on the trunk or limbs (Grebe etal., 1993; Solomon and 
Esterly, 1975). This association of an epidermal nevus with nervous 
system abnormalities constitutes the neurologic type of epider¬ 
mal nevus syndrome. A wide variety of abnormalities have been 
described in the neurologic type of epidermal nevus syndrome. 
These include mental retardation; early-onset seizures, including 
infantile spasms; hemiparesis; cerebral vascular abnormalities; 
cranial nerve disorders, especially involving nerves VI, VII, and 
VIII; hemimegalencephaly; cerebral gyral malformations; and 
epilepsy (Solomon and Esterly, 1975). 

Skeletal abnormalities may be seen in 60%-70% of patients with 
epidermal nevus syndrome. These are most often associated with 
nevi on the trunk and limbs and include vertebral anomalies, 
kyphosis, scoliosis, short limbs, syndactyly, and other bony defor¬ 
mities, as well as hemihypertrophy, bone cysts, and spina bifida. 
Kyphoscoliosis is the most common abnormality, often becom¬ 
ing manifest in adolescence. Other limb deformities besides syn¬ 
dactyly include genu valgum, equinovarus, and bone hypoplasia. 
Vitamin D-resistant rickets has also been reported (Aschinberg 
et al., 1977; Besser, 1976; Golitz and Weston, 1979; Marden and 
Venters, 1966; Mollica eL al., 1974; Olivares etal., 1999; Paller, 1987; 
Rogers etal., 1989; Solomon and Esterly, 1975; Sugarman and Reed, 
1969). 

Up to one-half of the patients with epidermal nevus syndrome 
have ocular abnormalities such as micro-ophthalmia; macro¬ 
ophthalmia; coloboma of the lid, iris, and retina; and conjuncti¬ 
val lipodermoids. Nystagmus and congenital blindness have been 
described (Alfonso etal., 1987; Brodsky etal., 1997; Diven et al., 
1987). Cardiac and vascular abnormalities including ventricular 
septal defect, coarctation of the aorta, patent ductus arteriosus, 
aneurysms, and arteriovenous malformations have been reported 
(Eichler etal., 1989; Grebe etal., 1993; Rogers etal., 1989). 
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Other cutaneous abnormalities also may be seen in patients 
with epidermal nevus syndrome and include cafe-au-lait spots, 
congenital hypopigmented macules, capillary hemangiomas, and 
melanocytic nevi (Eichler etal., 1989; Rogers etal., 1989; Solomon 
and Esterly, 1975). Happle (1987) proposed that mosaicism may 
explain the varied cutaneous manifestations. The observation that 
most epidermal nevi follow the lines of Blaschko, which probably 
represent migration tracks of clones of genetically identical cells, 
is in favor of this hypothesis. 

Nevus sebaceous 

Of the epidermal nevi, nevus sebaceous described by Jadassohn 
in 1895 is probably the most common nevus associated with the 
neurologic type of epidermal nevus syndrome (Holden and Dek- 
aban, 1972). The sebaceous nevus is often present on the face and 
scalp. It reportedly occurs in 0.3% of births (Wagner and Hansen, 
1995), although the estimate of Solomon and Esterly (1975) of the 
overall incidence of epidermal nevi at 1:1000 live births is prob¬ 
ably more accurate. The nevus sebaceous (sometimes called the 
linear sebaceous nevus) occurs sporadically with no racial or gen¬ 
der predilection. Familial occurrence is rare (Benedetto, 1990; Sahl, 
1990). Nevus sebaceous is usually congenital; rarely late appear¬ 
ance in childhood has been reported. Rogers (1992) reviewed 233 
patients who had epidermal nevi and found 104 of the patients had 
nevus sebaceous. In 103 of these 104 cases of nevus sebaceous, the 
lesion was noted at birth, and in 102 of them the nevus involved 
the head. The nevus was on the scalp in 58 instances, on the face in 
38, and ear in 1 case. The nevus itself is most often isolated, slightly 
raised, and yellowish orange, with a waxy appearance of the skin. 
The nevus is often linear or oval in shape. There is alopecia when 
the lesion is in the scalp (Figure 55.1). The nevus evolves with age, 
and three stages maybe recognized (Lands etal., 1968; Mehregan 
and Pinkus, 1965). In the first stage in infancy, the lesion is charac¬ 
terized by a localized yellowish-orange patch of alopecia. The sur¬ 
face of the skin is most often smooth but may be rough, depressed, 
or verrucous. At this stage, histological examination shows mul¬ 
tiple small underdeveloped sebaceous glands and immature hair 
follicles; apocrine glands are rare. By puberty (second stage), the 
sebaceous glands mature and become hyperplastic. Androgenic 
stimulation may have a role in this enlargement. The hair folli¬ 
cles continue to remain immature and rudimentary while apoc¬ 
rine glands (usually present in axilla and groin, and a few on the 
breast and eyelids, but seen in almost half of the sebaceous nevi) 
begin to mature and occasionally may be cystic or hyperplastic. 
The third stage is characterized by onset of neoplastic transforma¬ 
tion in puberty or adulthood. Benign or malignant tumors may 
arise in 10%-31% of nevi. A nodular nonaggressive type of basal 
cell epithelioma or a syringocystadenoma papilliferum is most 
common. Other tumor types include squamous cell carcinoma, 
apocrine carcinoma, adnexal carcinoma, syringoma, keratocan- 
thoma, apocrine cystadenoma, and osteoma. Metastatic spread 
usually does not occur in the pediatric age group but rarely may be 
seen in adults. Neoplasms probably develop more often in seba¬ 
ceous nevus than in other epidermal nevi. Local excision of the 
nevus before puberty is therefore recommended (Hurwitz, 1983; 



Figure S5.1 Nevus sebaceous on the scalp just above the ear. Note alopecia in 
the area of the nevus. (Photograph courtesy of Patricia Treadwell, MD, 
Department of Dermatology, Indiana University School of Medicine, 
Indianapolis.) 

Mostafa and Satti, 1991; Rogers etal., 1996; Solomon and Esterly, 
1975). 

Neurologic abnormalities 

The epidermal nevus syndrome, characterized by the presence of 
an epidermal nevus and malformation in at least one extracuta- 
neous organ system, was found in 65% of 300 patients with epi¬ 
dermal nevus. In this study by Solomon, one-third of the patients 
with the epidermal nevus syndrome had central nervous system 
(CNS) involvement (Micali et al., 1995). In another study, 40% of 
patients with epidermal nevus syndrome had neurologic involve¬ 
ment. The most common neurologic abnormality in this study 
was epilepsy, present in 33.3%, followed by mental retardation of 
varying severity in 30.8% of patients (Holden andDekaban, 1972). 
Others have found a much higher incidence of CNS involvement 
(Baker etal., 1987; Barth etal., 1977; Clancy etal., 1985; Eichler 
et al., 1989; Solomon and Esterly, 1975; Zaremba, 1978). Skin 
lesions on the face and scalp seem to correlate more strongly with 
CNS involvement in comparison to lesions limited to the trunk and 
limbs (Grebe etal., 1993). Baker and colleagues (1987) found that 
cerebral hemiatrophy and hemimegalencephaly were present in 
7% each, whereas gyral malformation was seen in 3% of patients. 
Gurecki et al. (1996) studied 23 patients with epidermal nevus 
syndrome who had biopsy-proven epidermal nevus and adequate 
data on neurologic and anatomical studies. Seizures were present 
in 50% of patients and mental retardation in 50% of patients for 
whom information was available. Only 9 of the 19 patients for 
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whom data were available had normal cognition in this study. Five 
of the 23 patients had hemiparesis, nine had cranial nerve abnor¬ 
malities, six patients each had hemiatrophy and vascular anoma¬ 
lies, and five patients each had hemimegalencephaly and gyral 
abnormalities. Widespread use of MRI has resulted in an increas¬ 
ing appreciation of the role of cortical malformations in patients 
with neurological symptoms. Studies prior to the general availabil¬ 
ity of MRI probably underestimated the prevalence of gyral and 
other cortical malformations in the neurologic type of epidermal 
nevus syndrome. 

We reviewed data on 63 patients with epidermal nevus syn¬ 
drome with severe neurologic abnormalities (Pavone etal., 1991). 
From this group, 17 patients in whom adequate data were available 
and who had hemimegalencephaly were studied further. Nevus 
was ipsilateral to the hemimegalencephaly in all. Macrocephaly 
was present in four and microcephaly in one patient. Mental retar¬ 
dation and seizures of various types were common. Morphologi¬ 
cal and microscopic studies revealed pachygyria, polymicrogyria, 
irregularly thickened cortex, heterotopic nodules in the white 
matter, giant neurons, giant astrocytes, and areas of astrocytic pro¬ 
liferation. Sakuta et al. (1989, 1991) reported clinical and neuro- 
pathologic findings in a 5-year-old boy. In addition to the 
hemimegalencephaly and increased white matter volume, there 
was cerebral polymicrogyria with pachygyria, heterotopic neu¬ 
rons, and prominent astrogliosis. Hypertrophic neurons with 
increased dendrites and spines were seen on Golgi staining. 
Hemimegalencephaly limited to the temporal lobe has also been 
described (Kwa etal., 1995). This clinical syndrome maybe called 
the hemimegalencephalic variant of the neurologic type of epider¬ 
mal nevus syndrome. 

Vascular abnormalities 

Strokes and vascular abnormalities have been reported in patients 
with the epidermal nevus syndrome. We reported one patient in 
whom cranial CT showed an infarct in the distribution of the right 
middle cerebral artery (Dobyns and Garg, 1991). There was ipsi¬ 
lateral atrophy and ventriculomegaly. We reviewed data on our 
patient and on three additional patients in whom the neurologic 
manifestations were because of vascular abnormalities. Two of 
the four patients had a clinically recognizable stroke. In the other 
two patients cerebral angiograms showed vascular dysplasia. In all 
four patients the facial or scalp epidermal nevus was ipsilateral to 
the vascular and brain abnormalities. The neurologic abnormali¬ 
ties could best be explained on the basis of either hemorrhage or 
ischemia of the underlying brain. 

Arteriovenous malformations and leptomeningeal angiomas 
have been found in some patients with the epidermal nevus syn¬ 
drome (Chatkupt et al., 1993; Mollica et al., 1974; Solomon and 
Esterly, 1975). Patients with absent dural sinuses and with dys- 
plastic and partially thrombosed left carotid artery and branches 
have been reported. Patients with other venous anomalies and 
carotid artery malformation have been reported (Chalhub et al., 
1975; David et al., 1990; Seawright et al., 1996). Coarctation of 
the aorta has been found in some patients. Renal artery steno¬ 
sis has been reported in one patient (Aizawa etal., 2000). Vascular 


abnormalities may also be the underlying mechanism in some 
patients with epidermal nevus syndrome reported to have cerebral 
atrophy, hypoplasia, or hemiatrophy although adequate informa¬ 
tion is often lacking. 

We believe that an underlying vascular dysplasia may be the 
cause of neurologic abnormalities in patients with the neuro¬ 
logic type of the epidermal nevus syndrome who do not have the 
hemimegalencephalic variant. Others have disputed this hypoth¬ 
esis, although there are no documented reports implicating other 
mechanisms. Differences in the extent and location of the vas¬ 
cular dysplasia (which may predispose to occlusion, ischemia, 
and infarcts ipsilateral to the nevus) may be an adequate explana¬ 
tion for the wide variety of neurologic manifestation seen in these 
patients (Dobyns and Garg, 1991). 

Clinical investigations 

Generally, the diagnosis of an epidermal nevus is not in doubt. If 
there are any doubts, a skin biopsy should be obtained. The biopsy 
may also help in further characterizing the nevus type although 
as mentioned earlier there is considerable variability in the his¬ 
tologic patterns. In all children who have an epidermal nevus, a 
thorough physical examination must be carried out to discover any 
associated abnormality in other organ systems. The organs most 
commonly involved are the CNS, eyes, and the skeletal system, 
although others may also be involved. In children with involve¬ 
ment of the CNS, an imaging study such as CT or MRI should be 
considered. MRI is usually the study of choice. Cerebral angio¬ 
graphic evaluation may be necessary in selected patients. Neu¬ 
ropsychiatric testing may be helpful in the management of chil¬ 
dren with mental retardation or learning disabilities. 

Genetics 

The epidermal nevus syndrome, sometimes also referred to as the 
Schimmelpenning-Feuerstein-Mims syndrome, is a sporadic con¬ 
dition. Autosomal dominant cases have been described (Meschia 
etal., 1992; Sahl, 1990).It should be distinguished from otherpha- 
comatoses, Proteus syndrome, and encephalocraniocutaneous 
lipomatosis. Parents should be counseled accordingly. Treatment 
of the nevus with dermabrasion, diathermy, laser treatment, and 
cryotherapy is associated with a fairly high risk of recurrence of 
the nevus. Focal resection of the epidermal nevus before puberty 
is advised because of the increased risk of tumor development. 
Resection must be complete as the nevus tends to recur if only the 
epidermal component is removed. 
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SNEDDON'S SYNDROME 

Jacques L. De Reuck and Jan L. De Bleecker 


Introduction 

Sneddon’s syndrome (SS) refers to an infrequent disorder combin¬ 
ing skin and ischemic cerebral lesions in patients without a rec¬ 
ognizable connective tissue or inflammatory or chronic infectious 
disease. The skin lesions consist of a purplish mottling of the skin 
(livedo racemosa, mostly used synonymously with livedo reticu¬ 
laris in English usage), and central nervous system (CNS) manifes¬ 
tations ranging from transient ischemic attacks to multiple strokes. 
The first description dates back to Ehrmann (1906), who described 
a syphilitic patient with an ischemic stroke and the typical skin 
lesions. Champion and Rook (1960) described a typical patient in 
1960. In 1965, the dermatologist Sneddon was the first to recog¬ 
nize the syndrome as a separate clinical entity (Sneddon, 1965). 
He was struck by the severe and generalized bluish discoloration 
of the skin, involving the limbs and often the trunk (Sneddon 
used the term livedo reticularis), and the multiple strokes “often 
leaving little residual disability” in five young women and one 
young man. All of those patients had arterial hypertension. Skin 
biopsies and clinical evaluations showed no known etiology of 
livedo racemosa such as polyarteritis nodosa, systemic lupus ery¬ 
thematosus (SLE), or essential thrombocytopenia. Sneddon sug¬ 
gested endarteritis obliterans or an unknown type of arteriopathy 
causing venous dilatation and stasis of the skin as the underlying 
pathology. 

A similar syndrome combining livedo racemosa and multiple 
strokes had been reported by Divry and van Bogaert (1946) as 
a familial disease leading to dementia, pseudobulbar palsy, and 
epilepsy. Further sporadic and familial cases of this syndrome 
have been reported under various eponyms: diffuse meningocere- 
bral angiomatosis and leukoencephalopathy, corticomeningeal 
angiomatosis, venous capillary angiomatosis, Divry-van Bogaert 
syndrome, etc. (Baro, 1964; Bussone et al., 1984; Divry and van 
Bogaert, 1946; Ellie et al. } 1987; Pellat et al, 1976). These patients 
cannot be distinguished from SS patients on clinical grounds. 
Therefore, they can be considered as part of it until the underly¬ 
ing genetic or pathophysiological abnormalities are better defined 
(Ellie etal., 1987). 

SS, which originally was a clinical diagnosis, is now regarded as 
a common clinical manifestation of different disease entities. It 
has been divided into idiopathic, autoimmune, and thromboem¬ 
bolic subsets or into SLE-associated, antiphospholipid syndrome- 
associated, and primary forms (Szmyrka-Kaczmarek et al., 
2005). 


Epidemiology 

Following Sneddon's description, a number of cases or small series 
were reported, initially mainly in Europe. Although most reported 
patients were Caucasians, there is no definite evidence of ethnic 
differences in incidence. Some authors claim an incidence of four 
cases per 1 000 000 per year (Zelger et al., 1993). In hospital-based 
series of stroke patients, the frequency of SS is between 0.25% and 
0.50% (Berciano, 1988; De Reuck etal., 1987). 

At least in sporadic cases, there is a marked female prepon¬ 
derance. Of 200 literature cases reviewed by us, 80% are women. 
The average age at onset of the neurological symptoms is around 
40 years, with a range of 10-65 years. In more than two-thirds of the 
patients, the disorder occurs sporadically, whereas in the others 
there is familial occurrence (Mascarenhas etal., 2003; Pettee etal., 
1994; Rehany et al., 1998; Szmyrka-Kaczmarek et al., 2005). In 
apparently familial cases, no single pattern of inheritance is iden¬ 
tified, but autosomal dominant inheritance has been most fre¬ 
quently reported (Berciano, 1988; Rebollo et al., 1983; Scott and 
Boyle, 1986). 

Clinical expression 
Cutaneous manifestations 

Livedo racemosa is usually the first manifestation of the disease, 
and tends to precede the neurological symptoms by 10 years on 
average (Quimby and Perry, 1980; Rebollo et al., 1983; Sneddon, 
1965; Thomas etal., 1982; Zelger etal., 1993). In some patients, the 
livedo is first detected at the time of stroke occurrence, and rarely 
it develops years after the first neurological symptoms (Thomas 
etal., 1982). Livedo racemosa is defined as a dusky erythematous- 
to-violaceous, irregular, net-like pattern in the skin (Burton, 1988; 
Daoud et al., 1995). The lesions are typically distributed over the 
lower trunk, the buttocks, and proximal region of the thighs. The 
lesions occasionally become more generalized and extend to 
the upper back, the distal extremities, and volar parts of the lower 
arms (Figure 56.1). The livedo is increased in the cold, in con¬ 
junction with exacerbations of neurological symptoms, and some¬ 
times during pregnancy (Gibson et al., 1997). In the European 
literature, the term livedo reticularis refers to a regular, deep- 
bluish net-like pattern that disappears after the skin is warmed. 
In the American literature, livedo reticularis is used interchange¬ 
ably with livedo racemosa, whereas the reticular changes that 
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Figure 56.1 (a and b) Livedo racemosa involving the buttocks, feet, and lower 
legs in two SS patients. See color plate. (Courtesy of Prof. J.-M. Naeyaert, Ghent 
University Hospital.) 


disappear after warming are sometimes referred to as “cutis mar- 
morata.” Livedo reticularis and livedo racemosa are caused by dif¬ 
ferent pathophysiologic mechanisms (Daoud etal., 1995). Livedo 
reticularis is caused by temporary vasoconstriction, whereas 
livedo racemosa results from persistent impairment of periph¬ 
eral blood flow caused by occlusion of small or medium-sized 
arteries. However, there is a broad spectrum of transition between 
livedo reticularis (especially cutis marmorata and amantadine- 
induced livedo reticularis) and livedo racemosa (especially 
SS, Divry-van Bogaert syndrome, SLE, anti-phospholipid anti¬ 
body syndrome, polyarteritis nodosa, cholesterol embolization 
syndrome, livedoid vasculopathy, and hematological diseases) 
(Kraemer etal., 2005). Some patients also have acrocyanosis of the 


distal extremities or typical Raynaud phenomenon (Daoud etal., 
1995). 

Neurological manifestations 

Virtually all syndromes caused by transient or permanent cerebral 
ischemia have been described (Toubi etal., 2005). In a prospective 
6-year clinical and neuroradiological follow-up study, headache 
occurred in 62% of the patients, vertigo in 54%, and transient 
ischemic attacks (TIAs) in 54%. Although not demented, 77% of 
the patients reported loss of concentration ability, memory distur¬ 
bances, or emotional impairment. None of the patients developed 
a stroke during that period (Boesch etal., 2003). 

The frequency of headache is not significantly higher in persons 
with positive anti-phospholipid antibodies compared to an anti¬ 
phospholipid antibody-negative cohort (Tietjen etal., 2006). How¬ 
ever, those with anti-phospholipid antibodies have a significantly 
higher incidence of seizures, mitral regurgitation, and thrombo¬ 
cytopenia (Frances etal., 1999, 2000). 

As a rule, the transient ischemic attacks and strokes are mul¬ 
tiple and recurrent in the same or different vascular territories 
(Stephens and Ferguson, 1982). Both cortical and subcortical areas 
in the anterior and posterior circulation can be affected, but 
the most common lesions leading to progressive clinical disabil¬ 
ity are white matter abnormalities and lacunar infarcts (Boesch 
et al., 2003; Fetoni et al., 2000). Aphasia, hemiparesis, hemisen- 
sory deficit, and visual field defects are the most common clinical 
signs. However, most of the strokes are minor with good recovery. 
Recurrent transient global amnesia has sometimes been the ini¬ 
tial clinical presentation (Rumpl and Rumpl, 1979). Tremor as the 
first neurological manifestation has occasionally been described 
(Da Silva et al, 2005). Spinal cord ischemia is rare (Baleva et al., 
1995). 

In later stages, mild to severe cognitive impairment can occur in 
many patients, with symptoms varying from inability to concen¬ 
trate, slight memory loss, frontal lobe type behavioral and emo¬ 
tional disturbances, to severe multi-infarct dementia. Dementia 
without precedent focal deficits has been the clinical presentation 
in some patients (Adair et al, 2001; Antoine et al, 1994; Baleva 
et al, 1995; Bruyn et al., 1987; Cosnes et al, 1986; Devuyst et al., 
1996; Scott and Boyle, 1986). 

Subarachnoid or intracerebral hemorrhage has been reported 
(Aquino Gondim et al, 2003; Diez-Tejedor et al, 1990; Dupont 
etal, 1996; Serrano-Pozo etal, 2004; Uitdehaag etal., 1992), but 
an increased incidence of bleedings in SS patients is not supported 
by larger series. 

Focal or secondary generalized seizures are more common in 
SS than in a general stroke population. Of 109 randomly selected 
SS patients from the neurological literature, seizures are men¬ 
tioned in 26 (24%) (De Reus etal., 1985; Ellie etal., 1987; Frances 
et al, 1999; Menzel et al, 1994; Rebollo et al, 1983; Rumpl and 
Rumpl, 1979; Sneddon, 1965; Stockhammer etal., 1993), which is 
far more than the 8.6% observed in a prospective multicenter study 
of ischemic stroke patients (Bladin et al. , 2000). The explanation for 
the high frequency of seizures in SS patients is unknown, but irreg¬ 
ular cortical infarcts and repeated strokes with good recovery are 
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predisposing for the appearance of late-onset seizures (De Reuck 
etal., 2005, 2006). 

Other manifestations 

Slight to moderate arterial hypertension occurs in a significant 
proportion (60%-80%) of SS patients. The pathophysiological 
basis for the hypertension is not well understood. Very few hyper¬ 
tensive SS patients have renal vascular disease (Antoine etal., 1994; 
Macario etal., 1997). 

Valvular heart disease, mostly mitral valve thickening, was found 
in 36% in one series (Lubach et al., 1992) and in up to 61% of 
patients in another series (Tourbah et al., 1997). The valvular dis¬ 
ease sometimes was recognized before the onset of neurologi¬ 
cal symptoms and was considered rheumatic in some patients 
(Antoine etal., 1994; Tourbah etal., 1997;Vaillantef«/., 1990). Valve 
disease is a common finding in patients with the anti-phospholipid 
antibody syndrome (Barbut etal., 1992; Brenner et al., 1991;Caplan 
and Manning, 2006). Thrombosis of peripheral arteries and pul¬ 
monary embolus can also occur (Alegre et al., 1990), as well as 
symptomatic involvement of mesenteric arteries (Khoo and Belli, 
1999). 

Ophthalmologic manifestations include transient monocular 
or binocular blindness, hypertensive vascular changes, retinal 
artery or vein thrombosis, and microaneurysms (Donders et al., 
1998; Gobert, 1994; Jonas et al., 1986), in addition to CNS visual 
symptoms such as homonymous visual field defects, internuclear 
ophthalmoplegia, diplopia, and pupillary defects (Narbay, 1997; 
RehanyefflJ., 1998). 

Those patients with anti-phospholipid antibodies may present 
the full clinical spectrum of the primary anti-phospholipid anti¬ 
body syndrome (Hess, 1992; Levine and Welch, 1987; Lockshin, 
1992; see also Chapter 38). 

Pathology 

Dermatopathology 

For obvious reasons, skin biopsies have been studied more fre¬ 
quently than brain tissue. The most informative skin biopsies are 
those taken in the central normal areas within the bordering of 
the livedo (Copeman, 1975; Daoud etal., 1995; Zelger eL al., 1992). 
The main abnormalities involve medium-sized arteries in the 
deep dermal or subcutaneous tissue and progress over time. The 
early stage is characterized by arteriolar endothelitis and a mixed 
inflammatory cellular infiltrate and is then followed by occlusion 
of the arteriolar lumen by a fibrotic plug and dilatation of neighbor¬ 
ing arterioles and venules (Beureyera/., 1984; Lewandowskaefa/., 
2005; Marsch and Muckelmann, 1985; Stockhammer et al., 1993; 
Zelger et al., 1992). Later, subendothelial cell proliferation with 
collapse of the lamina elastica and recanalization follows. Finally, 
the arteriole becomes completely involuted and occluded. The 
sensitivity to detect the diagnostic vascular lesions increases from 
27% with one biopsy, to 53% with two biopsies, and to 80% with 
three biopsies taken from the white skin areas in all cases (Wohlrab 
etal., 2001). 


Digital artery biopsies have been performed by Rebollo et al. 
(1983). They found segmental intimal hyperplasia, adventitial 
fibrosis, thrombosis, and narrowing of the lumen. Temporal artery 
biopsies are usually normal (Pauranik et al., 1987; Rumpl et al., 
1985) or show nonspecific subintimal hyperplasia and medial 
fibrosis (De Reuck et al., 1987; De Reus et al., 1985; Kalashnikova 
etal., 1990). 

Neuropathology 

Few autopsies or brain biopsies have been reported. Nonspecific 
signs of cortical and subcortical infarction and gliosis, without 
vascular or perivascular inflammation or fibrinoid necrosis, are 
observed (Devuyst et al., 1996; Geschwind et al., 1995; Rumpl 
et al., 1985; Scott and Boyle, 1986). Boortz-Marx et al. (1995) 
found granulomatous inflammation of the leptomeninges with¬ 
out vessel involvement in one patient. Noninflammatory throm¬ 
bosis of leptomeningeal arteries was a rare finding in one autopsy 
case (Pinol-Aguade et al., 1999). However, in a more recendy 
described postmortem case, multiple small cortical infarcts asso¬ 
ciated with occlusion of medium-sized arteries and prominent 
focal smooth muscle hyperplasia of smaller arterial vessels were 
observed (Hilton and Footitt, 2003). 

Pathogenesis 

SS is unlikely to reflect a single, specific etiology. Two main 
hypotheses emerge: (i) a hypercoagulable state, itself of variable 
origin, and (ii) an intrinsic small-vessel vasculopathy. 

Hypercoagulable state 

The notion that anti-phospholipid antibody or the lupus antico¬ 
agulant are frequently present in SS patients has greatly supported 
the theory that SS is part of the clinical spectrum of the primary 
anti-phospholipid antibody syndrome (Alegre et al., 1990; Jonas 
et al., 1986; Kalashnikova et al., 1990; Levine et al., 1988; Moral 
et al., 1991). The proportion of anti-phospholipid antibody¬ 
positive patients is widely different in various cohorts of SS 
patients, e.g. 0/17 (Stockhammer etal., 1993), 1/5 (Burton, 1988), 
3/13 (Sitzer etal., 1995), 6/17 (Kalashnikova etal., 1990), and 19/33 
(Farronay et al., 1992). Natural or treatment-induced fluctuation 
of anti-phospholipid antibody levels, methods for assay determi¬ 
nation, and criteria for positive results may partly explain the dif¬ 
ferent incidences (Tanne et al., 1998). Rare familial SS cases with 
anti-phospholipid antibodies have also been documented (Pettee 
etal., 1994; Vargas etal., 1989). 

Anti-prothrombin antibodies, a new serologic marker of anti¬ 
phospholipid antibody syndrome, were elevated in 57% of patients 
with SS. The addition of anti-prothrombin antibody data increases 
the proportion of SS with at least one type of anti-phospholipid 
antibody syndrome marker from 65% to 78% (Kalashnikova etal., 
1999). 

Less frequently, SS occurs in patients with anti-nuclear anti¬ 
bodies, some of whom turn out to have SLE (Antoine et al., 1994; 
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McHugh etal., 1988). Rarely reported coagulation orplatelet aggre¬ 
gation deficits include antithrombin-III deficiency (Bolayir et al, 
1999; Donnet etal., 1992; Matsumura efai.,2001; Sauter and Rudin, 
1992) and essential thrombocythemia (Michel etal., 1996). Protein 
Z, a down-regulator of coagulation and linked to an increased risk 
of arterial thrombosis, is found to be deficient in 31% of patients 
with antiphospholipid-negative SS (Ayoub et al., 2004). Factor V 
Leiden mutation is only found in 11.3% of SS cases (Besnier etal., 
2003). 

Up to about 60% of SS patients have a cardiac valvulopathy 
(Antoine etal., 1994; Lubach etal., 1992; Tourbah etal., 1997). The 
incidence of valvular disease is unexpectedly high in the young 
population. It is unclear whether the valvulopathies per se are the 
direct cause of embolic strokes or become symptomatic because 
of a coexistent hypercoagulable state (Geschwind et al. } 1995). 
In patients with the anti-phospholipid antibody syndrome, the 
valvular abnormalities consist of fibrinous and fibrous deposits on 
heart valves. The lesions are identical to those found in patients 
with SLE (Libman-Sacks endocarditis) and in nonbacterial throm¬ 
botic endocarditis (NBTE) often associated with cancer or other 
debilitating condition (Caplan and Manning, 2006). Frank vegeta¬ 
tions may be visible on echocardiography. 

Primary vasculopathy 

In many patients, no anti-phospholipid antibody or primary coag¬ 
ulation deficits are detected (Martinez-Menendez et al., 1990; 
Stockhammer et al., 1993). Mainly based on observations in skin 
biopsies, it is assumed that a nonvasculitic small and medium¬ 
sized vessel arteriopathy causes both brain and skin symptoms. 
The common clinical observation of exacerbation of the livedo 
racemosa at times that new cerebrovascular symptoms develop is 
suggestive of a common factor causing skin and CNS symptoms. 
The type and origin of the arteriopathy is unknown. In some cases, 
heritable factors play a role. In others, endothelial dysfunction may 
be secondary to acquired autoimmune or other factors that circu¬ 
late in the serum. Circulating proteins, presumably immunoglob¬ 
ulins, could cause both the hypercoagulable state and an endothe- 
liopathy, thus linking both hypothesized mechanisms underlying 
the SS (Moral et al., 1991). Signaling pathways specific to certain 
parts of the vascular bed, i.e. brain and skin, may explain why sys¬ 
temic congenital or acquired hypercoagulable states or endothe- 
liopathies produce focal deficits of hemostasis (Rosenberg and 
Aird, 1999). 

Diagnostic work-up 

Any patient suspected of SS should undergo extensive blood 
tests, spinal tap, thorough cardiovascular evaluation including 
cardiac monitoring and transesophageal echo-Doppler, cerebral 
MRI, four-vessel intra-arterial angiography, and skin biopsy. A 
meningocortical brain biopsy is warranted only when clinical, 
angiographic, cerebrospinal fluid, or skin biopsy findings suggest 
a possible CNS vasculitis or a vasculopathy of other origin. 

Blood tests should screen for the lupus anticoagulant, 
immunoglobulin (Ig)G and possibly IgM anti-cardiolipin 


antibodies, anti-nuclear and anti-double-stranded DNA autoan¬ 
tibodies, decreased complement factors, thrombocytopenia, 
leukopenia, and other indications for SLE, VDRL assay, cryoglob¬ 
ulins, and circulating immune complexes. Heritable causes of 
hypercoagulable states such as deficiency of antithrombin-III, 
protein C, or protein S should be sought. 

The cerebrospinal fluid is usually normal. Mild increase of 
protein content or slight pleocytosis may reflect infarction, but 
marked lymphocytic pleocytosis suggests other causes of stroke 
including intracranial vasculitides or chronic CNS infections such 
as tertiary syphilis or tuberculosis. 

MRI scan is more informative than CT scan (Ruscalleda et al., 
1991). Multiple, mainly subcortical infarcts and white matter 
changes in various vascular territories are usually present at the 
time of diagnosis (Figure 56.2). Mild to moderate cortical and sub¬ 
cortical atrophy with ventricular enlargement is common. Angiog¬ 
raphy is mandatory to exclude other types of cerebral vasculopa¬ 
thy. Many SS patients have normal angiograms, but a subset of 
patients have multiple distal arterial occlusions or narrowings, 
combined with a moyamoya type collateral network in a smaller 
proportion of the patients (Antoine etal., 1994; Blom, 1989; Pettee 
etal., 1994). The “beading type” segmental narrowing and dilata¬ 
tion of large and medium-sized vessels typical of CNS vasculitis is 
not reported in SS. 

Mitral and other cardiac valvulopathies are more commonly 
observed on transesophageal echocardiography in SS patients 
than predicted from observations in age-matched controls (Don- 
net etal., 1992; Vaillant etal., 1990). Selection bias alone is unlikely 
to explain the difference. Some authors claim that the cardiac 
emboli resulting from these mitral valve abnormalities are the 
main cause of the brain infarcts (Geschwind et al., 1995). Alter¬ 
natively, the mitral valve proliferations could be the consequence 
of a systemic hypercoagulable state. 

Cervical Doppler sonography shows no significant atheroscle¬ 
rotic changes in most patients. Clinically silent cerebral microem¬ 
bolism was detected in one-third of the patients by transcranial 
duplex sonography of the middle cerebral artery in one study. The 
microemboli maybe a marker of disease activity (Sitzer etal. , 1995). 

Menzel et al. (1994) reported decreased cerebral blood flow 
as adjudged by technetium-99m-HMPAO-single photon emission 
computed tomography (SPECT) scan, even in patients without 
MRI abnormalities. Transcranial duplex sonography was normal 
in the same patients. These authors suggested that SPECT scan 
may allow presymptomatic detection of impaired cerebral blood 
flow in patients with livedo racemosa. 

A skin biopsy including the deep dermis should be taken 
in the central normal areas within the bordering of the livedo 
(Daoud et al., 1995; Zelger et al., 1992). Three biopsies taken 
from the central normal white skin areas have a sensitivity of 
80% (Wohlrab et al., 2001). The pathologic changes in the vari¬ 
ous stages of the disease process have been detailed in the der- 
matopathology paragraph. The differential diagnosis of livedo 
racemosa should include leukocytoclastic and livedoid vasculi¬ 
tis, polyarteritis nodosa, SLE, cryoglobulinemia, macroglobu- 
linemia, polycythemia, thrombotic thrombocytopenic purpura, 
essential thrombocythemia, atheromatous or cholesterol emboli, 
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Figure 56.2 T2-weighted MRIs: (a) widespread frontal white matter 
abnormalities (triangles) and a right putaminal lacune (arrow), (b) large old 
hemorrhagic infarct in the right cerebellar hemisphere (arrow), partly involving 
the middle cerebellar peduncle and the pons in a 56-year-old woman with SS. 


disseminated intravascular coagulation, infectious diseases such 
as syphilis and tuberculosis, and drug toxicity (Daoud etal., 1995; 
Gibson etal., 1997). 

Treatment 

No prospective studies are available (Hachulla et al. } 2000), but 
individual case reports suggest that warfarin sodium is proba¬ 
bly more effective than aspirin for stroke recurrence (Krnic-Barrie 
etal., 1997). By analogy with the anti-phospholipid antibody syn¬ 
drome and based on the presumed pathogenesis of SS, most clin¬ 
icians advocate warfarin anticoagulation for the treatment of SS 
patients (Dupont et al., 1996). A large retrospective study on the 
anti-phospholipid antibody syndrome demonstrated that treat¬ 
ment with high-intensity warfarin (producing an international 
normalized ratio [INR] of >3) with or without low-dose aspirin 
(75 mg/day) is significantly more effective than treatment with 
low-intensity warfarin (producing an INR of <3) with or without 
treatment with low- dose aspirin or treatment with aspirin alone in 
preventing further thrombotic events. The risk of bleeding com¬ 
pared favorably with the risk of bleeding associated with long-term 
oral anticoagulation therapy in other conditions (Khamashta etal., 
1995). 

Immunosuppression with steroids, azathioprine, and cyclo¬ 
phosphamide have been reported to be ineffective in SS (Floel 
etal., 2002). 

Conclusion 

SS is a clinically well-delineated syndrome that probably stems 
from a number of acquired or congenital hemostatic abnormal¬ 
ities that preferentially involve the cerebral and cutaneous vas¬ 
cular beds. Further pathophysiological studies will undoubtedly 
continue to identify more etiological subgroups. Pending future 
therapeutic trials that may identify different treatment modal¬ 
ities for different etiological subgroups, the general concept of 
“Sneddon's syndrome” is currently still a valid and workable diag¬ 
nosis in daily neurological clinical practice. 
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MITOCHONDRIAL AND METABOLIC CAUSES OF STROKE 

Rima M. Dafer, Betsy B. Love, Engin Y. Yilmaz, and Jose Biller 


Genetic and metabolic etiologies of stroke are considered in the 
differential diagnosis of stroke in children and young adults pre¬ 
senting with acute focal neurologic deficits. The incidence of 
stroke secondary to a metabolic disorder is unknown, and mor¬ 
tality data in the general population are lacking. In this chapter, 
we review mitochondrial and other selective metabolic causes of 
stroke (Schapira, 2006). 

Mitochondrial disorders 

Mitochondrial cytopathies are heterogeneous groups of disor¬ 
ders with a wide range of clinical features, preferentially affecting 
the muscles and the nervous system. The concept of mitochon¬ 
drial disease was first described by Luft et al. (1962) in a young 
Swedish woman with severe hypermetabolism of nonthyroid 
origin. Abnormal deposits of mitochondria defined as “ragged- 
red fibers” were described by Engel and Cunningham (1963), and 
defects of mitochondrial metabolism causing a wide range of 
human diseases have been subsequently reported in the literature 
since the 1970s (Spiro et al. } 1970; Willems et al., 1977). In 1988, 
Holt et al. described a pathogenic mutation of mitochondrial DNA 
(mtDNA) in a patient with mitochondrial myopathy (Holt et al., 
1988; Johns, 1995). Mitochondrial myopathies are caused either 
by mutations in the maternally inherited mitochondrial genome, 
or by nuclear DNA mutations, with defects in the respiratory chain 
complexes. 

MELAS (mitochondrial encephalomyopathy, lactic 
acidosis, and stroke-like episodes) 

Mitochondrial diseases are far more common than previously 
anticipated, with a prevalence of 5.7 per 100 000 in the popula¬ 
tion older than 14 years (Arpa et al., 2003; Schapira, 2006). The 
acronym MELAS - describing a clinical syndrome with mitochon¬ 
drial encephalopathy, myopathy, lactic acidosis, and stroke-like 
episodes - was introduced by Pavlakis ef al. (1984), and is the most 
frequently occurring maternally inherited mitochondrial disorder. 
MELAS is a multiorgan syndrome, predominantly involving the 
central nervous system (CNS). There is considerable variability in 
the clinical presentation of MELAS. Neurological findings range 
from asymptomatic, to progressive muscle weakness, migraine¬ 
like headaches, cognitive impairment, recurrent seizures, ataxia, 
to stroke-like episodes during adolescence, and encephalopathy. 
Most patients present with migraine-like headache and seizures, 
in the setting of recurrent stroke-like episodes (Ohno et al., 1997; 
Schapira, 2006). Brain imaging abnormalities in patients with 


MELAS usually involve the posterior parietal and occipital lobes, 
and usually do not follow a specific vascular arterial distribution 
(Figure 57.1) (Coelho-Miranda etal., 2000; Matsumoto et al., 2005; 
Noguchi et al., 2005; Ohno et al., 1997; Schapira, 2006). Cardiac 
involvement includes valvulopathy, conduction defects, and pro¬ 
gressive hypertrophic or dilated cardiomyopathies, resulting in 
congestive heart failure or end-stage heart disease (Hirano and 
Pavlakis, 1994; Hoffmann et al., 1994; Johns, 1995; Momiyama 
et al., 2001; Noer et al., 1988; Pavlakis et al., 1984; van den Berg 
et al., 2000). Brain embolization in patients with cardiac involve¬ 
ment may occur. Full expression of the disease may result in grad¬ 
ual cognitive decline secondary to recurrent strokes, and death 
may follow. Other clinical features may include deafness (Mikol 
et al., 2005; Takeshima and Nakashima, 2005; Tawankanjanachot 
et al., 2005) and ocular manifestations such as bilateral eyelid 
ptosis, chronic external ophthalmoplegia, posterior subcapsu- 
lar cataracts, atypical pigmentary retinopathy, and optic nerve 
atrophy (Bene et al., 2003; Isashiki et al., 1998; Rummelt et al., 
1993). Endocrinopathies are common including diabetes mellitus, 
hypothyroidism, and hypogonadism (Drouet et al., 2000; Mikol 
et al., 2005; Momiyama et al., 2001; Murakami et al., 2002; 
Schmiedel etal., 2003; Topaloglu etal., 1998). 

MELAS is associated with a number of pathogenic point muta¬ 
tions in mtDNA (Schmiedel et al., 2003), with more than 80% 
of the heteroplasmic A-to-G point mutations occurring in the 
dihydrouridine loop of the mitochondrial leucine transfer RNA 
of the mtDNA gene at base pair 3243 (A3243G mutation). Eighty to 
ninety percent of cases are associated with a point mutation (Goto, 
2005; Goto etal., 1991; Mamourian and du Plessis, 1991). The fre¬ 
quency of the A3243G mutation approximates 16.3 per 100 000 in 
adult populations (Majamaa et al., 1997, 1998). Because mtDNA 
is maternally inherited, the majority of patients with mitochon¬ 
drial disorders have a maternal pattern of inheritance; however, 
sporadic cases have also been described. 

The pathophysiology of MELAS is not completely understood. 
Several mechanisms are proposed to contribute to this disease. 
These include decreased aminoacylation of mitochondrial trans¬ 
fer RNA (tRNA), resulting in decreased mitochondrial protein syn¬ 
thesis, changes in calcium homeostasis, and alterations in nitric 
oxide metabolism. 

The pathogenesis of stroke-like episodes in MELAS remains 
unclear. Despite the microangiopathic findings in the brain and 
muscles (Iizuka and Sakai, 2005), the stroke-like episodes are more 
likely attributed to mitochondrial and metabolic dysfunction in 
neural tissue and glia rather than to ischemic vascular pathology 
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Figure 57.1 Hyperintense lesions on fluid-attenuated inversion recovery 
(FLAIR) in patients with MELAS. 


(Michelson and Ashwal, 2004; Molnar et al., 2000; Nariai et al., 
2000; Takahashi etal., 1998). 

The diagnosis of MELAS requires incorporating clinical, neu¬ 
roimaging, histochemical, and molecular investigations. Hirano 
etal. (1992) proposed clinical criteria for establishing a diagnosis 
of MELAS. The main criteria are: (a) stroke-like episodes before 
age 40; (b) encephalopathy characterized by seizures, demen¬ 
tia, or both; and (c) lactic acidosis, ragged red fibers, or both. 
Additional criteria are: (d) normal early development, (e) recur¬ 
rent headaches, and (f) recurrent vomiting. Elevated serum and 
cerebrospinal fluid (CSF) lactate, with the characteristic findings 
on neuroradiological testing, raise suspicion of the condition. 
A muscle biopsy with the characteristic ragged-red fibers con¬ 
firms the diagnosis (Scaglia and Northrop, 2006; Schapira, 2006; 
Thambisetty and Newman, 2004). MRI with abnormal and normal- 
to-increased apparent diffusion coefficient in young patients pre¬ 
senting with acute stroke should raise the suspicion of metabolic 
causes of stroke (Abe et al., 2004; Oppenheim et al., 2000; Wang 
et al., 2003; Yoneda et al., 1999). Genetic mutation analysis may 
be performed on peripheral blood leukocytes, skeletal muscle, or 
both. 

Characteristically, patients with MELAS have a slowly progres¬ 
sive course, with recurrent neurological dehcits (with relapses and 
remissions) and gradual progression to dementia. A considerable 
number of patients succumb to the disease in the third decade of 
life. 

To date, there is no consensus on the treatment of MELAS. 
Treatment is mainly supportive, directed toward the manage¬ 
ment of multisystem complications. Antioxidants, respiratory 
chain substrates and cofactors, and multivitamins have been sug¬ 
gested (Scaglia and Northrop, 2006). The use of L-arginine and 


free-radical scavengers such as edaravone has been reported to 
reduce cerebral edema in a patient with MELAS after acute cere¬ 
bral infarction (Kubota etal, 2004; Maeda etal., 2005). 

MERFF (myoclonic epilepsy with ragged-red fibers)/MEIAS 
overlap syndrome 

A rare point mutation at nucleotide position 8356 in the tRNA 
gene in mtDNA has been described in Japanese, American, and 
Italian families (Campos et al., 1996; Zeviani et al., 1993). Like 
MELAS, patients present with migraine, stroke-like episodes asso¬ 
ciated with lactic acidosis and dementia in addition to myoclonic 
epilepsy with ataxia and ragged-red fibers in a muscle biopsy spec¬ 
imen consistent with the clinical characteristics of MERRF. Spo¬ 
radic mutation has also been reported (Campos etal., 1996). 

Kearns Sayre syndrome 

Kearns Sayre syndrome (KSS) is a mitochondrial disorder caused 
by large heteroplasmic deletions in mtDNA. It is character¬ 
ized by myopathy, chronic progressive external ophthalmo¬ 
plegia, pigmentary retinopathy (salt-pepper like appearance), 
endocrinopathies, and cardiac abnormalities (Laloi-Michelin 
et al., 2006; Park et al., 2004). Brain infarction, presumably 
secondary to cardioembolic sources, may occur (Chabrol and 
Paquis, 1997; Kosinski et al., 1995; Muller et al., 2003; Provenzale 
and VanLandingham, 1996). Muscle biopsy shows ragged-red 
fibers under Gomori-trichrome staining. Insertion of pacemaker 
devices may prolong survival in patients with cardiac abnormali¬ 
ties and may decrease the risk of cardioembolic stroke (Provenzale 
and VanLandingham, 1996). 

Subacute necrotizing encephalomyelopathy 
(Leigh syndrome) 

The first case of subacute necrotizing encephalomyelopathy was 
described by Denis Leigh at autopsy in a 7-month-old infant 
with symmetrical lesions involving the thalamus, midbrain, pons, 
medulla, and posterior column of the spinal cord and resembling 
Wernicke’s encephalopathy (Leigh, 1951). 

Leigh’s syndrome is a genetically heterogeneous, neurodegener- 
ative disorder of infancy and childhood caused by mutation of the 
nuclear or mtDNA genome. The pathogenesis of Leigh’s syndrome 
appears to represent the neuropathologic endpoint of disordered 
cerebral mitochondrial energy production (Holt etal., 1990). The 
commonest biochemical abnormalities involve the cytochrome c 
oxidase (COX) complex I/II (Morris et al., 1996; Moslemi et al., 
2003; Tay et al., 2005; Taylor et al., 2002; Ugalde etal., 2003), and 
the pyruvate dehydrogenase complex (Chabrol etal., 1994; Naito 
etal., 1997). 

The clinical presentation is highly variable. The classical pre¬ 
sentation includes developmental delay, ataxia, hypotonia, brain¬ 
stem dysfunction, respiratory abnormalities, and hypertrophic 
cardiomyopathy. Atypical presentation with progressive limb 
weakness, demyelinating neuropathy, progressive diplegia, blind¬ 
ness, bull’s-eye maculopathy-like fundus abnormality, and tonic 
seizures have been reported (Huntsman etal., 2005). The infantile 
form progresses very rapidly and results in death within 2 years 
(Montpetit etal., 1971). The juvenile form has a subacute or acute 
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Figure 57.2 Bilateral symmetric putaminal hyperdensities on FLAIR in a patient 
with juvenile Leigh disease. 


course. Mild spastic paraparesis, visual impairment, and move¬ 
ment disorders have been reported. Juvenile-onset Leigh’s syn¬ 
drome may present with an acute polyneuropathy (Stickler et al., 
2003); chronic sensory motor neuropathy, ataxia, deafness and 
retinitis pigmentosa (NARP); or myopathy and cardiomyopathy 
resulting in marked respiratory depression and coma (Grunnet 
etal., 1991). 

The condition is usually suspected in infants and children with 
developmental delay, elevated serum, and CSF lactate. Muscle and 
skin biopsies are usually helpful. 

MRI examination of brain typically shows symmetrical 
hypointense lesions on T1 /hyperintense on T2 in the basal gan¬ 
glia, mainly in the putamen, and brainstem, with sparing of 
the mamillary bodies and red nuclei (Kissel et al., 1987; Medina 
et al., 1990) (Figure 57.2). White matter involvement is also com¬ 
mon (Lerman-Sagie etal., 2005). 

Pathologically, there is gray matter degeneration and focal brain¬ 
stem and spinal cord necrosis with marked spongiosis, endothelial 
proliferation, and extensive demyelination. 

Treatment is symptomatic. Administration of coenzyme Q10 
(Van Maldergem et al., 2002), thiamine (Di Rocco et al., 2000), 
sodium dichloroacetate (Craigen, 1996; Takanashi etal. , 1997), and 
a ketogenic diet (Wijburg etal., 1992) has been found helpful. 

COX deficiency (Saguenay-Lac St-Jean) 

Saguenay-Lac St-Jean is a rare autosomal recessive disorder char¬ 
acterized by congenital systemic deficiency of COX (Lee et al., 
2001). It is clinically heterogeneous, ranging from isolated myopa¬ 
thy to severe multisystem disease, with onset from infancy to 


adulthood. Lactic acidosis, developmental delay, and hypotonia 
are common features. Stroke-like episodes have been reported 
(Morin etal., 1999).. 

Tangier disease 

Tangier disease is an autosomal recessive disorder character¬ 
ized by deficiency or absence of high-density lipoprotein (HDL) 
cholesterol and apolipoprotein (apo) A-I levels (both <10 mg/dL), 
decreased low-density lipoprotein (LDL) cholesterol levels 
(about 40% of normal), and mild hypertriglyceridemia (Nofer and 
Remaley, 2005). The disorder is caused by mutations in the adeno¬ 
sine triphosphate (ATP)-binding cassette transporter Al (ABCA1), 
leading to impairment of HDL-mediated cholesterol transport, 
and deposition of cholesteryl esters in reticuloendothelial tis¬ 
sues (Bared et al., 2004; Neufeld et al., 2004; Zuchner et al., 
2003). Enlargedlobulated tonsils (yellow-orange tonsils) andhep- 
atosplenomegaly are common. Neurological symptoms are also 
common (Kocen, 2004). A predominantly proximal asymmet¬ 
ric sensorimotor peripheral neuropathy, which is usually slowly 
progressive, is the presenting feature in 30% of cases (Pietrini 
etal., 1985). Facial diplegia and mononeuritis multiplex may occur. 
Children are predisposed to premature atherosclerosis (Mautner 
et al., 1992); cardiac involvement (Pressly et al., 1987) and brain 
infarction have been reported (Serfaty-Lacrosniere etal., 1994). 

The diagnosis is usually made when laboratory evaluation shows 
hypocholesterolemia with severely reduced HDL in the presence 
of a suggestive clinical picture. 

There is currently no treatment for Tangier disease. ABCA1 is 
a promising therapeutic target for preventing atherosclerotic dis¬ 
ease because of its ability to deplete cells of cholesterol and to raise 
plasma HDL levels (Nofer and Remaley, 2005). 

Menkes disease 

Menkes disease (kinky hair disease, steely hair disease, trichopo- 
liodystrophy) is an X-linked neurodegenerative disease caused by 
a defective gene that regulates the metabolism of copper trans¬ 
port, with accumulation of copper at abnormally low levels in the 
liver and brain, but at higher-than-normal levels in the kidney and 
intestinal lining (George etal, 2005). The mutant gene is located 
on the long arm of the X chromosome at Xql3.3. The incidence of 
the disease is 1 in 50 000-250 000. The disease occurs in infancy, 
and the clinical manifestations usually begin within the first 1- 

2 months. Affected patients may present with seizures, failure to 
thrive, subnormal body temperature, and strikingly peculiar kinky, 
light, abnormally pigmented, and easily broken hair. 

Pathologically, there is extensive neurodegeneration in the 
gray matter. Intracranial and extracranial vascular pathology may 
occur, including arterial tortuosity, stenosis, or arterial rupture 
(Hsich et al., 2000; Seay et al., 1979; Takahashi et al., 1993). If 
untreated, the disease is progressive, and death usually occurs by 

3 years of age. 

Early diagnosis is difficult in the absence of a suggestive clin¬ 
ical picture. The disease should be suspected in infants with 
developmental delay and clinical characteristics. The diagnosis is 
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confirmed by low serum copper and ceruloplasmin levels, and 
by copper uptake studies on fibroblast cultures. The urine 
homovanillic acid/vanillylmandelic acid ratio is also a useful 
screening method for the disorder. Gene analysis may be useful 
and is often reliable when a mutation in ATP7 A is present, and may 
help in prenatal diagnosis (Liu etal. , 2002; Poulsen etal. , 2004). Oral 
copper treatment is not effective. Early treatment, if started within 
1 month of life with subcutaneous parenteral copper-histidine, 
may prevent neurological disturbance and may prolong survival 
rate (Kirodian etal., 2002). 

Hyperhomocysteinemia and homocystinuria 

Hyperhomocysteinemia is a clinical syndrome caused by sev¬ 
eral enzyme deficiencies in methionine metabolism. Homocys¬ 
teine is a sulfhydryl-containing amino acid produced during the 
metabolism of methionine. Its intracellular metabolism is con¬ 
trolled by two pathways: transsulfuration to cysteine andremethy- 
lation to methionine. The majority of homocysteine is catabo- 
lized via pyridoxine (B6)-dependent condensation with serine to 
form cystathionine. Cystathionine (3-synthase catalyzes the first 
committed step of transsulfuration and is the most common 
enzyme deficient in classical homocystinuria (Kraus etal., 1998). 
This defect is associated with disorders of the connective tissue, 
muscles, CNS, and cardiovascular system. A second pathway is 
remethylation ofhomocysteinebackto methionine by methionine 
synthase, which requires methylenetetrahydrofolate and methyl- 
cobalamin as cofactors. 

A number of hereditary defects in the enzymes involved in 
homocysteine metabolism and various acquired deficiencies in 
the vitamin cofactors of these enzymes are associated with 
the development of hyperhomocysteinemia. Deficiency of three 
enzymes - cystathionine (3-synthetase, methylenetetrahydrofo¬ 
late reductase (MTHFR), and methionine synthase - leads to 
hyperhomocysteinemia. High plasma levels of homocysteine are 
also observed with advanced age, in smokers, and in certain 
nutritional disorders associated with vitamin B12 (cobalamin), 
pyridoxine (vitamin B6), or folic acid deficiencies. Additionally, 
elevated homocysteine levels are seen following exposure to var¬ 
ious drugs, including fibrates, statins, niacin, antihypertensive 
agents, metformin, methotrexate, sulfasalazine, anticonvulsants, 
levodopa, and theophylline (Apeland et al., 2001; Dierkes and 
Westphal, 2005; Sener et al., 2006; Siniscalchi etal., 2005; Ueland 
and Refsum, 1989); The estimated incidence of homocystinuria is 
more common than previously reported, approximately 1:83 000 
live births (Sokolova etal., 2001). 

The most common enzyme deficiency is cystathionine 
(3-synthetase deficiency (Mudd etal., 1964). The genetic defect in 
cystathionine (3-synthetase is located on chromosome 21 (Kraus 
et al., 1993). The homozygous trait of congenital homocystinuria 
is rare. Approximately 0.3-1.5% of the population is heterozy¬ 
gous for cystathionine |3-synthetase deficiency. At least 24 muta¬ 
tions have been identified for the heterozygosity for cystathionine 
(3-synthetase. Plasma homocysteine concentrations are slightly 
elevated (two to four times more than normal) in heterozygotes. 
Thromboembolism is a major cause of mortality and morbidity 



Figure S7.3 Cortical infarctions and white matter lesions in patients with 
MTHFR deficiency. 


in patients with homocystinuria (Mudd et al., 1972; Uhlemann 
etal., 1976). 

MTHFR mutation is an autosomal recessive disorder affect¬ 
ing folate metabolism. The gene is localized to chromosome lp. 
MTHFR is a critical enzyme in the metabolism of folate and 
methionine. It is also prevalent in the population; about 50% of 
North Americans are heterozygous, and 11% are homozygous for 
a thermolabile mutation of MTHFR (Rozen, 1996). Unlike the 
A1298C mutation, MTHFR C677T homozygous polymorphism 
contributes to hyperhomocysteinemia and increases the risk fac¬ 
tor for ischemic stroke (Figure 57.3) (Dikmen etal., 2006; Li etal., 
2003; Rook etal., 2005). 

Homocystinuria promotes premature atherosclerosis and arte¬ 
rial dilatation. Mechanisms involved in homocysteine-induced 
atherosclerosis include increased tissue factor expression, atten¬ 
uated anticoagulant processes, enhanced platelet reactivity, 
increased thrombin generation, augmented factor V activity, 
impaired fibrinolytic potential, endothelial dysfunction with 
smooth muscle cell proliferation, and increased monocyte recruit¬ 
ment into developing atherosclerotic lesions by upregulating 
monocyte chemotactic protein-1 (MCP-1) and interleukin (IL)- 
8 expression in vascular smooth muscle cells (Desai et al., 2001; 
Undas et al., 2005). Fibrous intimal plaques, medial fibrosis, 
and disruption of the internal elastic lamina are typical fea¬ 
tures (McCully, 1969; Tsai et al., 1996). Homocysteine suppresses 
expression of thrombomodulin and heparin sulfate, resulting in 
a prothrombotic state (Lentz and Sadler, 1991). Neuropathologic 
changes are widespread and include microgyria and perivascular 
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changes such as demyelination, macrophage infiltration, and 
gliosis. 

Patients with homocystinuria have markedly elevated plasma 
homocysteine concentrations. Most patients present with periph¬ 
eral venous thrombosis, including pulmonary embolism. Stroke, 
peripheral arterial occlusions, or myocardial infarction can be 
the initial presentation (Clarke and Lewington, 2002; Sacco etal., 
1998). The increased tendency for thrombosis usually presents as 
an ischemic stroke. There is also an increased risk of Alzheimer 
disease and vascular dementia in patients with homocystinuria. 
Other manifestations may include dystonia (Kempster etal. , 1988; 
Zupanc etal., 1991) or osteoporosis (Sato etal., 2005). 

Hyperhomocysteinemia is accepted as an independent risk fac¬ 
tor for cardiovascular disease and stroke (Graham et al., 1997; 
Mcllroy et al., 2002). Stroke may occur secondary to artery-to- 
artery embolism or arterial dissection (Kelly etal., 2003). While the 
Framingham Heart Study showed a strong relationship between 
elevated homocysteine levels and carotid artery disease (Selhub 
et al., 1995), B-mode ultrasound imaging did not show evidence 
of increased intima-media thickness of carotid arteries in patients 
with homocystinuria because of homozygosis for cystathionine 
P-synthetase deficiency, suggesting arterial dilatations with resul¬ 
tant medial damage as the cause of thrombosis rather than typical 
atherosclerotic lesions in these patients (Rubba etal., 1994). 

The classic early childhood homocystinuria is associated with 
early atherosclerosis, marfanoid features, mental retardation, and 
ectopia lentis (Mudd et al., 1985). Malar flush, livedo reticularis, 
myopia, glaucoma, and (rarely) optic atrophy may be present. 
The multiple clinical presentations that are possible relate to the 
genetic heterogeneity involved with this deficiency state. Approx¬ 
imately 50% of these patients will have a thromboembolic event 
before age 30 (Mudd etal., 1985). 

MTHFR deficiency is the most common inherited disorder of 
folate metabolism. A typical presentation is infantile global delay 
and failure to thrive, with associated seizures and progressive 
neurological deterioration. With infantile onset, cerebrovascular 
manifestations tend to be more striking than in cystathionine 
P-synthetase deficiency. MTHFR deficiency is associated with a 
possible increase in myocardial infarctions and adverse cardiac 
events after myocardial revascularization in patients with coro¬ 
nary artery disease (Botto et al, 2004; Kluijtmans et al., 1996). 
Adult-onset cerebrovascular disease is also possible, but currently 
data are lacking to support this mutation as an independent risk 
factor for stroke. 

All young patients and adults with unexplained ischemic or 
retinal vascular occlusive disease, and coronary atherosclerosis 
should be considered for plasma homocysteine testing. The range 
of normal plasma homocysteine levels is still debatable. Plasma 
homocysteine levels 10.2 mmol/L or higher, were associated with 
an increase in vascular events (Graham et al., 1997). Infants 
with cystathionine p-synthetase deficiency may be identified with 
neonatal screening for methionine. The cyanide nitroprusside test 
may be used for neonatal screening of infants with cystathionine 
P-synthetase. Prenatal diagnosis can be possible by amniocen¬ 
tesis and enzymatic essay of cultured amniocytes. MTHFR defi¬ 
ciency is also characterized by low CSF folate levels and low plasma 



Figure 57.4 Angiokeratomas in a patient with Fabry disease. 


methionine without megaloblastic anemia. Prenatal diagnosis is 
possible. 

Although various observational studies have shown some bene¬ 
fit of vitamin supplementation with folic acid, pyridoxine, and vita¬ 
min B12 in reducing the risk of coronary heart disease and stroke, 
the strength of association of homocysteine with risk of vascu¬ 
lar diseases remain weak (B-Vitamin Treatment Trialists’ Collabo¬ 
ration, 2006). Despite moderate reduction of total homocysteine 
after nondisabling cerebral infarction, the Vitamin Intervention in 
Stroke Prevention (V1SP) study failed to prove the potential ben¬ 
efit of high-dose vitamin supplementation in reducing the risk 
of recurrent stroke or myocardial infarction at 2 years (Furie and 
Kelly, 2006; Toole etal., 2004). Similarly, both the Heart Outcomes 
Prevention Evaluation (HOPE) -2 and the Norwegian Vitamin Trial 
(NORVIT) studies did not show a reduction in the risk of major car¬ 
diovascular events in vascular disease patients receiving vitamin 
supplementation with folic acid, B6, and B12 (Bonaa et al., 2006; 
Lonn et al, 2006). An ongoing large-scale randomized, double- 
blinded, placebo-controlled trial based in Australia is currently in 
progress to test whether lowering blood homocysteine levels can 
reduce the risks of vascular sequelae following recent stroke or 
transient ischemic attack (VITATOPS Trial Study Group, 2002). 


Anderson-Fabry disease 

Anderson-Fabry disease is a rare X-linked disorder, caused by a 
deficient activity ofthe lysosomal enzymea-galactosidaseAresult- 
ing in progressive deposition of neutral glycosphingolipid (pre¬ 
dominantly globotriaosylceramide trihexoside) in multivisceral 
organs, including the skin, eyes, kidney, heart, vascular system, and 
nervous system. (Brady and Schiffmann, 2000). Male hemizygotes 
are generally more severely affected than are female heterozygotes. 

Clinical disease in women is thought to be due to unequalX chro¬ 
mosome inactivation. Children and adolescents usually present 
with angiokeratomas corporis diffusum (Figure 57.4), acropares¬ 
thesias, severe crisis of pain in the extremities, anhidrosis, gas¬ 
trointestinal disturbances, corneal dystrophy (corneal verticil- 
lata), vascular lesions in the conjunctiva and retina, kidney disease, 
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Figure 57.5 Bilateral thalamic hyperdensities on T2-weighted MRI in an adult 
patient with Fabry disease and history of renal transplantation. 


cardiovascular complications, and vestibular, autonomic periph¬ 
eral neuropathic symptoms. Seizures, aseptic meningitis, and 
pulvinar calcification may also occur. Deposition of glycosph- 
ingolipids in the vascular endothelium can lead to ischemia, 
predominantly in the deep white matter, brainstem, and basal 
ganglia, because of thrombosis or stenosis of small perforating 
vessels (Figure 57.5) (Clavelou etal., 2006; Giacomini etal., 2004; 
Grewal, 1994; Tanaka etal., 2005). Central retinal artery occlusion, 
cerebral aneurysm, and intraparenchymal hemorrhage may also 
occur (Andersen etal., 1994; Callegaro and Kaimen-Maciel, 2006; 
Schiffmann and Ries, 2005). Patients may present with stroke at a 
young age in the absence of other typical clinical features of Fabry 
disease. 

Histologically, lysosomal aggregates are usually present in the 
organs affected or in the endothelium. Biochemical and histo¬ 
logical findings on muscle biopsy may assist in the diagnosis 
(Giacomini et al., 2004; Grewal, 1994; Grewal and Barton, 1992; 
Schiffmann and Ries, 2005). 

Beneficial effects of intravenous enzyme replacement therapy 
with algalsidase (5 (Fabrazyme) have been reported (del Toro 
et al., 2004; Spinelli et al., 2004). Fabry disease is the topic of 
Chapter 19. 

Organic acidemias 
Propionic acidemia 

Propionic acidemia is a rare metabolic disorder in which a defec¬ 
tive enzyme, propionyl-coenzyme A (CoA) carboxylase, results in 


an accumulation of propionic acid. Patients may present with 
vomiting, dehydration, lethargy, encephalopathy, and rapidly fatal 
symmetric necrosis of the caudate, globus pallidus, and putamen 
(Haas et al., 1995). Diagnosis is made by organic acid analysis in 
urine. 

Methylmalonic acidemia 

Methylmalonic acidemia (MMA) is an inborn disorder of amino 
acid metabolism characterized by accumulation of toxic organic 
methylmalonic acid and its by-products in biological fluids. The 
disorder is identified in 1:250000 newborns screened. It commonly 
presents with neurologic deficits, including retinopathy, hydro¬ 
cephalus, and microcephaly. Metabolic stroke due to hypoxemia 
and vascular insufficiency may occur. Gas chromatography-mass 
spectrometry (GC-MS) demonstrates large amounts of methyl¬ 
malonic acid and its metabolite in the urine (Chakrapani et al., 
2002; Heidenreich et al., 1988; Thompson et al., 1989). Proton 
magnetic resonance spectroscopy and diffusion-weighted imag¬ 
ing of the brain in two patients with methylmalonic acidemia 
showed restricted diffusion and elevated lactate in the globi 
pallidi, compatible with acute infarctions and metabolic aci¬ 
dosis (Michel et al., 2004; Trinh et al., 2001; Yesildag et al., 
2005). 

Glutaric aciduria 

Glutaric aciduria is an inborn error of metabolism that results 
from a deficiency of glutaryl-CoA dehydrogenase. The disorder is 
characterizedbymacrocephaly, seizures, spasticity, andextrapyra- 
midal dysfunction. Frontotemporal atrophy, basal ganglia infarc¬ 
tions, and bilateral subdural collections may be seen on neu¬ 
roimaging studies (Hoffmann et al., 1994; Kohler and Hoffmann, 
1998; Osaka etal., 1993). 

Glutaric aciduria type I 

Typical features are macrocephaly and attacks of fever of unknown 
origin and sweating. Acute cerebral infarctions, seizures, and coma 
may occur (Hoffmann et al., 1994; Strauss and Morton, 2003; 
Strauss etal, 2003; Vallee etal., 1994). Spasticity, dystonia, intellec¬ 
tual impairment, and choreoathetosis may be seen (Goodman et 
al., 1975). This condition may resemble Leigh's disease or nonac¬ 
cidental head trauma in infants (shaken baby syndrome), with 
retinal hemorrhages and intracranial (subdural/subarachnoid) 
bleeding (Stutchfield et al, 1985). Neuroimaging studies may 
show frontotemporal atrophy and signal changes in putamen and 
caudate nuclei (Altman et al., 1991; Strauss and Morton, 2003) 
Glutaryl-CoA dehydrogenase is the deficient enzyme in this con¬ 
dition, with the gene located on the short arm of chromosome 19. 
Organic acid analysis of urine or culture of fibroblasts and leuko¬ 
cytes is useful in the diagnosis. 

Treatment includes a low-protein diet and a combination of 
riboflavin (Brandt et al., 1979) and carnitine (Seccombe et al., 
1986). Baclofen (AwaadefaZ., 1996) andvigabatrin (Francois etal., 
1990) may be useful. 
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Glutaric aciduria type II 

In glutaric aciduria type II, there is impairment of various acyl- 
CoA dehydrogenases. This condition is also referred to as multiple 
acyl-CoA dehydrogenase deficiency. Three different forms have 
been described: neonatal, infantile, and later onset. All forms are 
characterized by vomiting, hypoglycemia, metabolic acidosis, a 
strong "sweaty-feet” odor, stroke-like episode, seizures, aphasia, 
ataxia, and myoclonus (Vallee etal., 1994). Cardiomyopathy and 
renal cysts may also present. Pathologically there is fatty degener¬ 
ation of multiple organs. Diagnosis is made by detection of large 
amounts of urinary organic acids. 

Sulfatide oxidase deficiency 

Sulfatide oxidase deficiency is a rare autosomal recessive disor¬ 
der usually presenting in early infancy. Clinical features include 
seizures, developmental delay, microcephaly, ectopia lentis, and 
acute infantile hemiplegia (Shih etal., 1977). Cerebral atrophy and 
cystic encephalomalacia have been reported (Dublin etal., 2002; 
Tan etal., 2005). Biochemical assay for specific urinary and plasma 
metabolites is diagnostic. Prenatal diagnosis of sulfite oxidase defi¬ 
ciency is possible by measuring S-sulfocysteine in amniotic fluid 
(Shih etal., 1977). There is no current treatment for the disorder. A 
diet restricted in cysteine and methionine has not shown benefit 
in improving neurological outcome. 

Ornithine transcarbamylase deficiency 

Ornithine transcarbamylase deficiency is an X-linked recessive 
disorder and the most common inherited cause of hyperammone¬ 
mia secondary to urea cycle deficiency. The disorder is character¬ 
ized by recurrent neonatal hyperammonemia, hyperglutamine- 
mia, encephalopathy, coma, and death (Amir etal., 1982). Female 
patients are usually asymptomatic. Late-onset presentation is 
infrequent, but has been reported in patients receiving valproic 
acid therapy (Oechsner et al., 1998; Thakur el al., 2006; Tokatli 
et al., 1991) and in women heterozygous for the mutations in 
the postpartum period (Gilchrist and Coleman, 1987). Seizures, 
autistic-like symptoms, hyperactivity, ataxia, and dysarthria have 
beenreported (Christodoulou elal., 1993; GorkerandTuzun, 2005; 
Keegan et al., 2003). Recurrent stroke-like episodes, cerebral 
infarction, or intracranial hemorrhage are rare. Neurodiagnostic 
imaging findings may resemble infarctions (Amir et al., 1982; de 
Grauweta/., 1990). 

The disorder should be suspected in children and adults with 
unexplained hyperammonemia (Rimbauxef al., 2004). Therapies 
include protein restriction, ketoacid derivative administration, 
and branched chain amino acid supplementation (Rowe et al., 
1986; Scaglia etal., 2004). 

Purine nucleoside phosphorylase deficiency 

Purine nucleoside phosphorylase (PNP) deficiency is an auto¬ 
somal recessive disorder characterized by combined cellu¬ 
lar humoral and immunodeficiency, recurrent infection, and 
neurologic dysfunction. Neurological manifestations include 
developmental delay, hypotonia, ataxia, and spasticity. Tam and 


Leshner (1995) reported the first case of stroke in a 13-year-old 
girl with purine nucleoside phosphorylase deficiency who pre¬ 
sented with hemiparesis secondary to a capsular infarction (Tam 
and Leshner, 1995). Various mutations have been identified, with 
R234P being the most common mutation reported to date in this 
disease (Grunebaum et al., 2004; Markert et al. , 1997). Umbili¬ 
cal cord blood transplantation has been reported to correct the 
immunodeficiency disorder (Myers etal., 2004). 

In conclusion, metabolic causes of stroke are quite heteroge¬ 
neous. Genetic and metabolic disorders should be included in the 
work-up of unexplained acute focal neurologic deficit predom¬ 
inantly in the pediatric population. Accurate diagnosis is of the 
utmost importance for genetic counseling, prevention, and poten¬ 
tial treatment. 
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BONE DISORDERS AND CEREBROVASCULAR DISEASES 

Natan M. Bornstein and Alexander Y. Gur 


Bone disorders are among the most uncommon causes of stroke. 
The publications on rare stroke occurrences associated with spe¬ 
cific bone disorders will be reviewed in this chapter. For the sake 
of clarity, these disorders have been divided into subgroups based 
on body bone pathology, specific skull diseases, and periodontal 
diseases. 

Body bone pathology 

There are possible links between bone mineral density (BMD) and 
stroke, because both conditions may be related to estrogen defi¬ 
ciency, diabetes, hypertension, a low level of physical activity, and 
smoking. A more difficult question is whether there is a causal 
relationship between low BMD and high risk of stroke, or whether 
low BMD is a marker of poor general health and aging. Trivedi 
and Khaw (2001) published the results of a prospective follow-up 
of men aged 65-76 years after compiling measurements of their 
BMD at the hip. BMD was significantly inversely related to mor¬ 
tality from all causes including cardiovascular disease. The asso¬ 
ciation remained significant after adjusting for age; body mass 
index; cigarette smoking status; serum cholesterol; systolic blood 
pressure; past history of heart attack, stroke, or cancer; and other 
lifestyle factors that included the use of alcohol, physical activity, 
and general health status. Based on these data, the authors con¬ 
cluded that low BMD at the hip is a strong and independent pre¬ 
dictor of all-cause and cardiovascular mortality in older men. The 
relationship between BMD and cerebrovascular disorders can be 
shown not only after stroke occurrence but before the stroke event 
as well. Browner ef al. (1993) showed that low BMD is significantly 
related to stroke mortality and stroke incidence in women. 

Jorgensen ef al. (2001) examined the relationship between BMD 
and acute stroke in a case-control study among noninstitutional- 
ized men and women aged 60 years. BMD was measured by using 
dual-energy x-ray absorptiometry at both proximal femurs. The 
BMD at the femoral neck in the female stroke patients was signifi¬ 
cantly (8%) lower than in the control subjects, whereas there was no 
difference in BMD between the male stroke patients and their con¬ 
trols. Women with BMD values in the lowest quartile had a higher 
risk of stroke than did women with BMD values in the highest 
quartile, and the probability value for linear trend over the quar- 
tiles was statistically significant. The BMD in the patients had been 
measured 6 days after stroke onset, and the authors considered 
that this short gap was not sufficient to reflect BMD changes after 
stroke. In an earlier longitudinal study, the same authors showed 


that patients who were completely wheelchair-bound had a sig¬ 
nificant (3%) BMD loss in the femoral neck on the paretic side and 
a nonsignificant (1%) loss on the nonparetic side 2 months after 
stroke (Jorgensen et al., 2000). Regardless of possible biases, the 
authors suggested that there was a lower BMD in women who had 
stroke, but not in men, and that a low BMD value might predict 
stroke in women. This assumption was not confirmed in a large 
national study, the first National Health and Nutrition Examina¬ 
tion Survey, which covered a nationally representative sample of 
noninstitutionalized persons (Mussolino et al., 2003). This survey 
was done on a cohort of 3402 white and black subjects who were 
45-74 years of age at baseline (1971-1975) and observed through 
1992. Hospital records and death certificates were used to iden¬ 
tify a total of 416 new stroke cases. The results were evaluated to 
determine the relative risk for stroke per decrease in BMD, after 
controlling for age at baseline, smoking status, alcohol consump¬ 
tion, history of diabetes, history of heart disease, education, body 
mass index, recreational physical activity, and blood pressure med¬ 
ication. Cox proportional-hazards analyses revealed that the inci¬ 
dence of stroke was not associated with a decrease in BMD in any of 
the three race-sex groups (i.e. white men, white women, or blacks). 
Furthermore, there was no association between BMD and stroke 
mortality. Therefore, the long-term predictive usefulness of BMD 
for stroke incidence and mortality remains unresolved. 

In 2001, Browner ef al. presented the results of a study aimed at 
evaluating the association of osteoprotegerin (OPG) with stroke, 
mortality, and cardiovascular risk factors, including diabetes mel- 
litus, BMD, and fractures. OPG and its ligand are cytokines that 
regulate osteoclastogenesis and may be involved in the regula¬ 
tion of vascular calcification. A cohort of 490 white female par¬ 
ticipants who were at least 65 years old were studied prospec¬ 
tively. Although the authors found that OPG levels, which had been 
assayed blinded from serum obtained at baseline, were about 30% 
greater in the women with diabetes and were significantly cor¬ 
related with all-cause mortality, the OPG levels were not associ¬ 
ated with baseline BMD or with subsequent strokes or fractures. 
As such, osteogenesis-related markers were also not found to be 
associated with stroke. 

Fibrocartilaginous emboli 

The phenomenon of fibrocartilaginous embolism (FE) is well doc¬ 
umented in the veterinary literature (Cook, 1988; Jeffrey and Weels, 
1986; Johnson et al., 1988; Kon and de Visser, 1981; Neer, 1992; 
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Ryan etal., 1981; Schubert, 1980; Uhthoff and Rahn, 1981). How¬ 
ever, FE is a rare cause of brain ischemia, and its pathogenesis 
remains poorly understood. Only one case of FE has been reported 
in humans (Toro-Gonzalez et al., 1993). A previously healthy 17- 
year-old girl fell while playing basketball. Left hemiparesis and 
unresponsiveness developed, followed by signs of right uncal her¬ 
niation over a period of 3 days and then by death. She had no 
evidence of neck, head, or spine trauma, and the cardiac evalu¬ 
ation was normal. The neuropathologic examination showed an 
extensive ischemic infarction of the right middle cerebral artery 
territory due to complete embolic occlusion by fibrocartilaginous 
material, consistent with nucleus pulposus. Small, terminal coro¬ 
nary artery branches also showed embolism by the same material 
in addition to limited areas of myocardial infarction. 

FE from the ruptured nucleus pulposus was described in the 
spinal cord in only 17 cases (Bots et al., 1981). In 1994, Toro 
et al. reported another 32 cases of nucleus pulposus embolism. 
Women were more frequently affected (69%), and age distribu¬ 
tion was bimodal, with peaks at ages 22 and 60 years (median 
38.5). Embolization was either arterial and venous (50%) or purely 
arterial (50%). Ischemic myelopathy occurred more commonly 
in the cervical (69%) and lumbosacral (22%) regions. Schmorl's 
nodes, larger volume, and vascularization of the nucleus pulposus 
in younger patients, and spinal arteriovenous communications, 
trauma, and degenerative changes in older patients, are poten¬ 
tially important pathogenetic factors. Han et al. (2004) reported a 
case report and reviewed the literature on this issue. 

Multifocal ischemic encephalomyelopathy associated with 
fibrocartilaginous emboli was first described in a lamb by fef- 
frey and Weels (1986). The emboli contained mucosubstances that 
were identified by the Alcian blue critical electrolyte concentration 
method as mainly keratin sulfate. This composition indicates that 
the probable origin of the emboli was the nucleus pulposus of 
intervertebral disks. 


Skull disorders 

Osteopetrosis (OP) is a rare, hereditary metabolic disorder of 
unknown etiology, characterized by an abnormal accumulation 
of bone mass, probably caused by diminished bone resorption 
(Bollerslev, 1987). This disorder has been given various names in 
the literature, among them marble disease, “marble bone” disease, 
marble brain disease, and Albers-Schonberg disease (a malignant 
adult form of OP). Although some neurological complications have 
been described in patients with OP, cerebrovascular involvement 
is very rare (Allen etal., 1982; Lerman-Sagie etal., 1987; Miyamoto 
et al., 1980). Wilms et al. (1990) reported a 16-year-old patient 
with OP who had transient sensory and motor disturbances in the 
left upper limb and dizziness upon changing the position of his 
head. Selective angiography of the cerebral vessels showed severe 
narrowing of the internal carotid artery within the petrous carotid 
canal and in its supraclinoid portion. The cervical vertebral arteries 
showed multiple stenoses within the vertebral canal. These find¬ 
ings are explained by a mechanical narrowing of the basal foram¬ 
ina by the osteopetrotic bone. Stroke associated with OP is rare 


and probably due to compression of the arteries by osteopetrotic 
bones. 

Paget disease, a relatively common bone pathology, is a chronic 
osteodystrophy of unknown etiology that usually occurs in indi¬ 
viduals 50 years of age or older (Farre and Declambre, 1989). This 
disorder is characterized by the progressive and extensive replace¬ 
ment of normal bone tissue by a rough and irregular structure 
(Renier, 1989). Some authors prefer the term osteitis deformans 
for this condition. Neurological manifestations are diverse and 
are due to anatomic alterations vascular steal syndromes (Farre 
and Declambre, 1989). Cerebrovascular disorders of these patients 
have a mainly mechanical origin (Fournie etal., 1989). 

Craniosynostosis 

Premature fusion of multiple cranial sutures has been associated 
with increased intracranial pressure and the potential for mental 
impairment. Isolated craniosynostosis, however, has been thought 
to be a benign condition (David et al., 1996). Craniosynostosis 
may be associated with decreased cerebral blood flow as a result 
of the constriction of the brain because of the prematurely fused 
sutures. Single positron emission computed tomography (SPECT) 
was used to assess differences in cerebral perfusion in the areas 
that were compressed secondary to the fused cranial suture before 
and after cranial reconstructive surgery in patients with simple 
craniostenosis (David et al., 1996). These authors prospectively 
studied seven children with craniostenosis, six boys and one girl 
(3-28 months old). Six of the seven had cranial asymmetry on pre¬ 
operative cranial CT scans, and one had a symmetric defect and 
served as a control. Each patient had a preoperative SPECT scan 
approximately 3-5 days before the cranial reconstructive proce¬ 
dure and a follow-up scan 6-10 weeks postoperatively. Preoper¬ 
ative asymmetries in cerebral perfusion ranged from 0% to 30% 
(mean, 13%) and were found in the areas that were compressed 
secondary to the premature suture fusion. In five patients, cere¬ 
bral blood flow, which was asymmetric before surgery, became 
symmetric after craniofacial reconstruction, and no new perfu¬ 
sion defects were documented. The control patient and one other 
patient had symmetric perfusion both pre- and postoperatively. 
This difference in blood flow supports a policy of early surgical 
intervention to prevent any potential central nervous system com¬ 
promise secondary to abnormal blood flow in these patients. 

Spondyloepiphyseal dysplasia 

Immuno-osseous dysplasia is an autosomal recessive spondy¬ 
loepiphyseal dysplasia that was first described by Schimke et al. 
(1971). It is associated with premature arteriosclerosis and cere¬ 
bral ischemia. Boerkoel et al. (1998) described two girls with 
immuno - osseous dysplasia and cerebral ischemia associated with 
the moyamoya phenomenon. This was the first presentation of 
the cerebral vascular abnormality found in spondyloepiphyseal 
dysplasia, and it was based on magnetic resonance angiography 
and magnetic resonance venography. Three other children who 
had a transient ischemic attack associated with focal segmen¬ 
tal glomerulosclerosis, nephrotic syndrome, chronic renal failure, 
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spondyloepiphyseal dysplasia, growth failure, and lymphopenia 
were reported (1995). Positron emission tomography revealed per¬ 
fusion defects of both cerebral and cerebellar arteries. Two boys 
and one girl developed the full syndrome at age 5, 6, and 10 years. 

Camurati-Engelmann disease 

Camurati-Engelmann disease (CED) is an autosomal dominant 
disorder, characterized by a progressive diaphyseal dysplasia with 
cortical sclerosis of the diaphyses and the metaphyses of the long 
bones and cranial hyperostosis, particularly involving the skull 
base (Sparkes and Graham, 1972). Clinical features include diffuse 
bony deformities, exophthalmia, waddling gait, leg pain, muscu¬ 
larweakness, and generalized fatigue. Neurological complications 
consist of cranial nerve palsy because of restriction of the foram¬ 
ina at the skull base. Most CED patients carry a mutation in a 
gene located in chromosome 19ql3.2, coding for the transforming 
growth factor-pi (TGF-pi), an important mediator of bone remod¬ 
eling, expressed in both osteoblasts and osteoclasts of the devel¬ 
oping bone (Janssens et al., 2000; Massague, 1990). The disease 
shows variable expressivity and, occasionally, incomplete pene¬ 
trance (Campos-XavieretaZ., 2001). Cerrato et al. (2005) reported a 
39-year-old man with apparently sporadic CED who was admitted 
because of the recurrence of four transient episodes of vestibu¬ 
lar symptoms associated with visual disturbances (diplopia on 
two occasions and blurred vision with hemianopsia to the left 
on another occasion) and lasting for 2-3 hours. The patient com¬ 
plained of an almost continuous cranial pain involving the occip¬ 
ital area often radiating to the frontal region. The family history 
did not show features suggestive of CED, nor was there a history of 
early stroke. Neurological examination at admission revealed gait 
ataxia and moderate hearing impairment. A marked hyperosto¬ 
sis with bone deformities in the skull, arms, and legs was evident. 
No vascular risk factors were present. Laboratory investigations 
were normal except for raised alkaline phosphatase. The diagno¬ 
sis of CED was confirmed by denaturing high-performance liquid 
chromatography screening of the TGF-pi gene that highlighted 
a missense mutation (652C1T; Arg 218Cys) in exon 4 (coding the 
TGF-(U latency-associated peptide). Immunological and coagula¬ 
tion tests (namely, proteins C and S, homocysteine plasma levels, 
activated protein C resistance, prothrombin polymorphism, lupus 
anticoagulant, anti-cardiolipin antibodies) were unremarkable. 
Cranial CT showed a dramatic increase in the thickness of the skull 
bones, particularly in the lower half. Brain MRI revealed multiple 
small ischemic lesions involving the cerebellar hemispheres, the 
left thalamus, and the right occipital region and a T1 hyperinten¬ 
sity on the course of the intracranial right vertebral artery. Duplex 
sonography showed increased carotid wall thickness and reduced 
flow in both vertebral arteries. Digital subtraction angiography 
showed that the right vertebral artery was occluded immediately 
after the origin of the posteroinferior cerebellar artery, and the left 
vertebral artery had a reduced lumen between the origin of the 
posteroinferior cerebellar artery and the vertebrobasilar junction 
and furnished a normal basilar artery. Cranial CT revealed patent 
intravertebral foramina despite the huge thickness of the skull 
base bone. Transthoracic and transesophageal echocardiography 


revealed only a slight increase in thickness of the endocardium and 
in the aortic valve. The patient was treated with low-molecular- 
weight heparin for 2 weeks followed by ticlopidine. No further 
ischemic events occurred. This was the first report of a cerebrovas¬ 
cular event related to CED. Several mechanisms were hypothe¬ 
sized for its etiopathogenesis. One, an extrinsic compression of the 
vertebral artery caused by a hyperostosis of the vertebral foram¬ 
ina, seems unlikely because the vertebral foramina were patent on 
cranial CT scan. An alternative hypothesis is atherothrombosis, 
dissection of the intracranial vertebral arteries, and a nonathero- 
matous vasculopathy due to a thickening of the blood vessel wall. 
Dissection of the right vertebral artery is plausible considering the 
clinical features of persistent cervicocephalic pain preceding the 
ischemic events. Moreover, the lack of angiographic evidence of 
the typical narrowing of the vertebral artery lumen and the appar¬ 
ent absence of the intramural hematoma on the axial MRI scan do 
not exclude this hypothesis. Intrigued by the recent experimental 
evidence of the enhanced I CT I (31 signaling associated with CED 
mutations (including R218C), the authors suggested that a con¬ 
stitutive excess of the active form of TGF-pi might have a role in 
the premature onset of arteriopathy, either directly causing ver¬ 
tebral atherothrombosis or indirectly favoring a disorder of the 
vessel wall, which becomes predisposed to dissection. Moreover, 
TGF-pi is involved in inflammation and atherosclerosis even if 
the role of TGF-pi-dependent vascular remodeling is controver¬ 
sial (Metcalfe and Grainger, 1995). TGF-pi inhibits both prolif¬ 
eration and migration of endothelial and smooth muscle cells, 
and this inhibition is associated with an increase in the extra¬ 
cellular matrix and proteoglycan synthesis, leading to thicken¬ 
ing of the intima and media (Chamberlain, 2001). Thus, a rela¬ 
tionship between premature arteriopathy with stroke and CED is 
reasonable. 

Periodontal disorders 

Periodontal diseases are highly prevalent and can affect up to 90% 
of the worldwide population. Gingivitis, the mildest form of peri¬ 
odontal disease, is caused by the bacterial biofilm (dental plaque) 
that accumulates on teeth adjacent to the gingiva. Gingivitis does 
not, however, affect the underlying supporting structures of the 
teeth, and it is reversible. Periodontitis, in contrast, results in loss of 
connective tissue and bone support, and is a major cause of tooth 
loss in adults (Pihlstrom et al., 2005). Markers of acute inflamma¬ 
tion and chronic infectious diseases were proposed as indicators 
of increased stroke risk (Grau et al., 1997). It was concluded from 
retrospective analyses of two longitudinal cohort studies and two 
smaller case-control studies that periodontitis could be an inde¬ 
pendent risk factor for cardiovascular disease and ischemic stroke 
(Beck et al., 1996; Syrjanen et al., 1989; Wu et al., 2000). These 
associations were questioned in the case of cardiovascular dis¬ 
ease, and were rather explained away by inadequate corrections for 
confounding variables, such as smoking (Armitage, 2000; Hujoel 
et al., 2002). The association of gingivitis and periodontitis with 
ischemic stroke, however, remained significant after adjustment 
for several demographic variables and well-established cardiovas¬ 
cular risk factors. Dorfer et al. (2004) assessed the associations of 


425 




Uncommon Causes of Stroke 


different periodontal conditions with cerebral ischemia. Patients 
were examined on an average of 3 days after an ischemic event. 
The individual mean clinical attachment loss measured at four 
sites per tooth was used as an indicator variable for periodon¬ 
titis. The results showed that patients with ischemic stroke had 
higher clinical attachment loss than the general population and, 
after adjustment for age, gender, number of teeth, vascular risk fac¬ 
tors and diseases, childhood and adult socioeconomic conditions, 
and lifestyle factors, subjects with a mean clinical attachment loss 
>6 mm, a gingival index >1.2, and a radiographic bone loss had 
a 7.4-fold, an 18.3-fold, and a 3.6-fold higher risk of cerebral 
ischemia, respectively, than did subjects without periodontitis or 
gingivitis. The authors concluded that periodontitis is an indepen¬ 
dent risk factor for stroke and that acute exacerbation of inflam¬ 
matory processes in the periodontium might be a trigger for the 
advent of stroke. 

The association between periodontal disease and stroke has 
several possible pathophysiologic links. Periodontitis represents a 
systemic burden of bacteria, endotoxin, and other bacterial prod¬ 
ucts (Carroll and Sebor, 1980; Solver et al. } 1977). Several peri¬ 
odontal pathogens can induce platelet aggregation and may thus 
be thrombogenic when entering the systemic circulation, as in 
periodontitis (Herzberg and Meyer, 1996). Periodontal bacteria 
have been found in the atheromatous plaques of stroke patients 
and also can influence well-established cardiovascular risk factors, 
such as lipids, fibrinogen, and C-reactive protein, modifying those 
factors toward a profile that is more atherogenic (Haraszthy etal, 
1998; Wu etal., 2000). Scannapieco etal. (2003) attempted to sum¬ 
marize all published data on the association between periodon¬ 
tal disease and atherosclerosis, cardiovascular disease, stroke, and 
peripheral vascular disease from 1966 through 2002. They included 
randomized controlled clinical trials and longitudinal, cohort, and 
case-control studies. Because the studies used different meth¬ 
ods for oral assessment, it was not possible to perform a meta¬ 
analysis of the combined data. Taken together, most of the litera¬ 
ture supports a modest association between periodontal disease 
and atherosclerosis, although several studies fail to show such an 
association. The absence of a standard definition and measures 
for periodontal disease complicates the interpretation of results. 
Additional large-scale longitudinal epidemiologic and interven¬ 
tion studies are necessary to validate this association. 

Summary 

Although the association of bone disorders with cerebrovascular 
diseases is frequently indirect and accidental, it is worthwhile to 
draw attention to the body bones and skull status of stroke patients 
in order to determine possible causality and preventive measures. 
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SCLERODERMA 

Elayna 0. Rubens 


Introduction 

Scleroderma (progressive systemic sclerosis) is a multisystem con¬ 
nective tissue disorder characterized by inflammation, fibrosis, 
and vasculopathy of affected tissues. Involvement of the nervous 
system is uncommon, but may manifest as either peripheral ner¬ 
vous system or central nervous system (CNS) dysfunction. Reports 
of neurological manifestations of progressive systemic sclerosis 
have emphasized the peripheral pathology including myopathy 
and peripheral neuropathy (Clements etal., 1978; Lee etal., 1984). 
Although rare, CNS involvement in scleroderma has been ret¬ 
rospectively identified in case series and described in several 
case reports. Hietaharju et al. (1993) investigated CNS and neu¬ 
ropsychiatric signs and symptoms among patients with systemic 
sclerosis and found that 16% of patients had prominent CNS or 
psychiatric symptoms and 6% had cerebrovascular symptoms. 
Another retrospective study of fifty scleroderma patients found 
that 6% of patients had transient ischemic attacks (TIAs) or minor 
strokes during the course of the disease (Averbuch-Heller et al., 
1992). 

The etiology of brain ischemia in patients with scleroderma is 
varied and poorly understood. Confounding factors such as malig¬ 
nant hypertension and renal failure make determination of addi¬ 
tional cerebrovascular pathology difficult. Information available 
from reported cases, however, suggests that CNS vasculitis, seg¬ 
mental vasospasm, and cerebrovascular calcifications may all play 
a role in causing strokes in patients with scleroderma. 

CNS vasculitis 

CNS vasculitis has been diagnosed in several patients with sclero¬ 
derma and has been posited to cause strokes. However, patholog¬ 
ical confirmation of a vasculitic process (in this case involving the 
internal carotid artery) was available in only one reported patient 
(Lee and Haynes, 1967). Otherwise, the diagnoses of vasculitis 
were largely based on angiographic findings and/or response to 
immunosuppressive therapy. Other ancillary tests reported were 
nondiagnostic. Markers of inflammation such as C-reactive pro¬ 
tein and erythrocyte sedimentation rate (ESR) were normal to 
modestly elevated (ESR 20-60 mm/h). Cerebrospinal fluid (CSF) 
studies were often normal or associated with nonspecific eleva¬ 
tions in protein content (70-100 mg%) (Das et al., 2002; Estey 
et al., 1979; Ishida et al., 1993; Pathak and Gabor, 1991). In one 
patient the CSF did show a mild pleocytosis (8 white blood cells: 


4 polymorphonucleocytes and 4 lymphocytes) (Estey et al., 1979). 
Review of these putative examples of vasculitis highlights the vari¬ 
able nature of their presentations, involved cerebral vascular ter¬ 
ritories, and associated symptoms. 

Pathak and Gabor (1991) reported a 45-year-old woman who 
presented with throbbing headaches and was found to have a 
small subarachnoid hemorrhage. She developed acute confusion, 
fluctuating blood pressure, and a seizure followed by intermittent 
episodes of numbness on her right side associated with expres¬ 
sive aphasia. Angiography revealed narrowing of several distal, 
medium, and small branches of the anterior and middle cerebral 
arteries and an occluded medium-sized branch of the middle cere¬ 
bral artery on the right. There were also multiple, long segments of 
smooth and symmetric narrowing in the large- and medium-sized 
vessels within the posterior circulation, particularly the superior 
cerebellar arteries at their origins. Skin as well as leptomeningeal 
and brain biopsies were performed and showed no evidence of 
vasculitis. She was started on high dose oral prednisone and 
improved dramatically. Tapering of the steroid dose was fol¬ 
lowed by recurrent transient neurological symptoms including 
numbness and aphasia. She was later successfully treated with 
cyclophosphamide therapy (Pathak and Gabor, 1991). Although 
the angiographic findings and negative biopsy could suggest vaso¬ 
constriction alone as a cause for her transient cerebrovascular 
symptoms, her complete response to immunosuppressive ther¬ 
apy does support an underlying vasculitic process. 

A 43-year-old woman who also presented with throbbing 
headaches (with associated visual symptoms), followed by 
seizures, transient hemiparesis, and confusion was described by 
Estey etal. (1979). In contrast to the case of Pathak and Gabor, this 
patient had evidence of malignant hypertension (papilledema and 
flame hemorrhages) and renal scleroderma, although recorded 
blood pressures in the hospital were not consistent with hyper¬ 
tensive encephalopathy. A CT scan was unrevealing, and cerebral 
angiography showed diffuse attenuation of the right and left mid¬ 
dle cerebral opercular branches. No biopsy was performed, but 
the patient recovered quickly after the initiation of high dose intra¬ 
venous methylprednisolone suggesting a focal arteritis due to her 
underlying scleroderma (Estey etal., 1979). 

A 67-year-old woman with scleroderma and no other identifi¬ 
able vascular risk-factors was found to have right occipital, right 
middle cerebellar peduncle, and pontine infarcts associated with 
the angiographic finding of localized stenosis and poststenotic 
dilatation (“string of beads” appearance) involving the distal right 
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vertebral and proximal basilar arteries. Skin biopsy was negative 
for vasculitis. She was started on cyclosporin A to treat presumed 
CNS vasculitis. Her neurological signs remained stable whereas 
her Raynaud's phenomenon, skin changes, and respiratory symp¬ 
toms improved (Ishida etal., 1993). 

Das et al. (2002) reported a 19-year-old woman with a 2-year 
history of scleroderma who presented with right hemiparesis and 
speech difficulty and was found on MRI to have multifocal parieto¬ 
occipital, left frontal, and right temporal infarcts. Magnetic reso¬ 
nance angiography showed poor flow through both carotids with 
prominent collateral circulation from the vertebral and basilar 
arteries. Skin biopsy was negative for vasculitis. Her course was 
complicated by bilateral optic neuropathies that may have been 
because of vasculitis as well as gangrene and ulcerations of her 
fingertips. She had no other vascular risk factors and responded 
to prednisone and intravenous cyclophosphamide therapy (Das 
etal., 2002). 

Despite the lack of pathological evidence of vasculitis in these 
case reports, the angiographic evidence combined with the overall 
clinical courses and responses to therapy favors the occurrence of 
a vasculitis ofthe CNS amongpatients with scleroderma. Certainly, 
cerebral infarction in scleroderma patients in the absence of other 
plausible, causative factors should prompt an aggressive work¬ 
up for vasculitis including angiography and, when appropriate, 
brain and/or meningeal biopsy. Negative results, however, do not 
obviate the use of immunosuppressive therapy as shown by these 
reported cases. 

Segmental vasoconstriction 

An alternative explanation for the narrowing of cerebral blood 
vessels seen in some patients with scleroderma is localized cere¬ 
brovascular spasm. Focal or multifocal constrictions of the cere¬ 
bral blood vessels can induce transient ischemia and subsequent 
infarction of brain tissue. In scleroderma, changes in the endothe¬ 
lial cells and basal lamina cause vascular abnormalities that may 
predispose cerebral vessels to vasospasm. Evaluation for transient 
focal neurological symptoms reported in scleroderma patients 
is often entirely unrevealing with no definable cause of vascular 
pathology (Averbuch-Heller etal., 1992). Intermittentvessel spasm 
may be the explanation for the transient ischemic symptoms seen 
in such patients. 

A scleroderma patient seen in our hospital had a lifelong history 
of migraine. She developed her typical migraine aura after treat¬ 
ment for an epidural infection. The aura persisted intermittently 
for days and was associated with a hemianopia and hemisensory 
loss. MRI showed abnormalities involving the almost entire right 
cerebral hemisphere. The symptoms, signs, and MRI abnormal¬ 
ities all remitted after treatment with calcium channel blockers 
indicating that vasoconstriction was the likely cause of her CNS 
findings. 

Results of cerebral angiography in several patients thought 
to have vasculitis are consistent with the diagnosis of vasocon¬ 
striction. Arteriography revealed segmental, often smoothly con¬ 
toured, narrowing of arteries of multiple sizes (small, medium, 
and large) in both the anterior and posterior circulations. In one 


reported patient, this was associated with subarachnoid hemor¬ 
rhage which, by itself, can cause vasospasm and subsequent stroke 
(Pathak and Gabor, 1991). 

Several reported patients with arterial narrowing on angiogra¬ 
phy presented with a unilateral, vascular type headache as well 
as transient neurological symptoms including positive visual phe¬ 
nomena, episodic paresthesias, and weakness reminiscent of com¬ 
plicated migraine (Estey et al., 1979; Pathak and Gabor, 1991). 
Migraine maybe more common in patients with scleroderma with 
a reported prevalence of 31% in one study population (Hietaharju 
etal., 1993). Medical therapy to prevent vasospasm (with calcium 
channel blockers, for instance) may help to prevent recurrent cere¬ 
brovascular symptoms. 

Cerebrovascular calcification 

Although pathological information about the brains of sclero¬ 
derma patients is extremely scant, one report described advanced 
cerebrovascular calcifications in two autopsy cases of patients 
with scleroderma and cerebrovascular symptoms (Heron et al., 
1998). A 41-year-old woman who had systemic sclerosis (calci¬ 
nosis, Raynaud’s phenomenon, esophageal dysmotility, sclero- 
dactyly, telangiectasia [CREST] variant) became encephalopathic 
and died of septic shock several months later. At autopsy, small 
areas of ischemic necrosis were found accompanied by mineral 
deposits in the walls of small arteries and arterioles, especially 
in the basal ganglia, hippocampus, and dentate nucleus. The 
mineralized vessels could not be accounted for by patient age, 
hypoparathyroidism, or other hereditary or metabolic diseases. 
Some arteries were thickened by intimal hyperplasia (Heron et al., 
1998). 

Another patient who also had the CREST variant of systemic 
sclerosis had a history of TIAs consisting of episodes of expressive 
aphasia and, later, nonspecific balance problems. No discernable 
cause of her cerebrovascular symptoms was found, and head CT 
showed only moderate atrophy and basal ganglia calcifications. 
She died of complications of a gastrointestinal infection. Like the 
first patient, she too had small areas of ischemic necrosis with 
vascular calcium deposits in the basal ganglia, hippocampus, and 
dentate nucleus as well as the frontal lobes, cerebellar cortex, and 
mamillary bodies (Heron etal., 1998). 

Whether these vascular calcium deposits were responsible for 
the patients' cerebrovascular symptoms is speculative. Whether 
the mineralization itself directly causes ischemia or serves as a 
marker for another pathologic process is unknown. 

Conclusion 

Further information regarding the clinical-pathological correla¬ 
tion between stroke and scleroderma is needed to more accurately 
assess the etiology of strokes and transient ischemic symptoms in 
these patients. For now, our approach to patient management is 
based on speculation from limited case reports and small case 
series. As such, work-up of scleroderma patients with cerebrovas¬ 
cular disease must take into consideration the potential causes of 
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stroke we have discussed here, but also keeping in mind the poten¬ 
tial for discovery of new, yet unreported disease mechanisms in 
this patient population. 
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PART VI: NONINFLAMMATORY DISORDERS OF THE 
ARTERIAL WALL 

CERVICO-CIPHALIC ARTERIAL DISSECTIONS 

Marcel Arnold and Mathias Sturzenegger 


General considerations 

The term cervico-cephalic arterial dissection (CAD) encompasses 
a group of arteriopathies not necessarily with an identical patho¬ 
genesis but that have in common an intramural hemorrhage (Hart 
and Easton, 1983; Schievink, 2001) (Figure 60.1). This most fre¬ 
quently affects the extracranial arterial segments (88%), predom¬ 
inantly the internal carotid artery (ICA) (58%—75%), the vertebral 
artery (VA) (19-30%), or multiple arteries (16%—28%) in typical 
locations. Intracranial dissections are rare (12%), affecting the ver¬ 
tebral arteries, carotid branches, or basilar artery and branches in 
that order of frequency (Mokri et al ., 1986; Vilela and Goulao, 2003). 

In the case of carotid dissection, the mural hematoma usually 
causes local symptoms such as pain or Horner’s syndrome and 
lower cranial nerve compression. It may or may not lead to vessel 
lumen stenoses with artery-to-artery embolic or (rarely) hemody¬ 
namic consequences to the brain (Figure 60.1). 

Depending on the imaging aspect, three forms of dissection 
are recognized: stenotic (45%-66%), occlusive (21%—42%), and 
aneurysmal (12%-49%); stenosis and dissecting aneurysm may 
be combined, and multiple vessel dissections are more frequent 
in women (Arnold et al ., 2006; Lee et al., 2006; Ozdoba et al., 1996; 
Pelkonen et al. } 2003; Touze et al., 2003). With increasing avail¬ 
ability and use of noninvasive neuroimaging techniques such as 
ultrasound, MRI, magnetic resonance angiography (MRA), CT, 
and CT angiography, the attributable clinical spectrum of the 
disease is getting broader; more monosymptomatic, minimally 
symptomatic, and even asymptomatic cases have been detected. 
In the past, many such cases would have gone undiagnosed or 
wrongly diagnosed as the symptoms would not have warranted 
subjecting the patients to invasive angiographic studies. The sen¬ 
sitivity of these noninvasive methods, however, critically depends 
on the quality of the images (Shah ef al., 2004; Yang ef al., 2005) and 
on the examination of the correct vessel segments. MRI, therefore, 
can be considered as the diagnostic gold standard only under cer¬ 
tain prerequisites (Nassenstein et al., 2005; Ozdoba et al., 1996). 
The increasing number of publications on this topic and the rec¬ 
ognized significance of dissections as cause of strokes in young 
patients - frequently preventable if readily recognized (Nassen¬ 
stein et al., 2005; Sturzenegger, 1995; Sturzenegger et al., 1995) - 
have fortunately increased familiarity of clinicians and radiologists 
with the clinical and radiological features of this disorder. 

The most feared consequence of CAD is stroke. While dissections 
are the cause of 2.5% of all strokes in the general population, they 
are among the major causes of strokes in young and middle-aged 




Figure 60.1 Mural hematoma and its local consequences. 


persons (<45years): 10%-20% (Bogousslavsky etal., 1987; Giroud 
et al., 1994; Schievink, 2001). 

Usually dissections are called “traumatic” when there is his¬ 
tory of major penetrating or blunt trauma (Bok and Peter, 1996). 
Otherwise, dissections are called “spontaneous.” However, many 
patients with “spontaneous dissections” have a history of “minor” 
or so-called “trivial” trauma, which may or may not be of clin¬ 
ical significance. Spontaneous cervico-cephalic arterial dissec¬ 
tions (sCAD) have typical predilection sites in the different arteries 
affected, which inpartmay be explained bymechanical influences: 
high cervical segment of extracranial ICA or V2 and V3 segments 
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of VA (Arnold etal., 2006). Other factors influencing the dissection 
site may be different vessel wall structures. 


Incidence 

Two population-based incidence studies of spontaneous inter¬ 
nal carotid artery dissection (sICAD) from Rochester, Minnesota 
(Schievink et al., 1993), and Dijon, France (Giroud et al., 1994), 
reported an annual incidence rate of 2.6 and2.9 per 100 000, mainly 
based on patients presenting with strokes. Because many patients 
with CAD never develop strokes, these studies do not reflect the 
true incidence of dissections. In a population-based case series, 
the frequency of spontaneous vertebral artery dissections (sVAD) 
is about one-third that of sICAD (Lee etal., 2006). Furthermore, an 
unknown number of dissections occur asymptomatically. There 
is little doubt that, nowadays with more accurate noninvasive 
imaging and wider awareness, more cases of these dissections are 
diagnosed. No studies report the true incidence of traumatic CAD 
(tCAD), but these are likely less common than spontaneous ones. 
A 0.08% incidence of tCAD has been reported in blunt trauma 
patients (Davis et al., 1990) but is more frequent in head injuries 
(Hughes et al., 2000). VA abnormalities were detected in 50% of 
a prospective angiographic study in patients with cervical spine 
trauma (Willis et al., 1994). tCAD is certainly underrecognized in 
the setting of polytrauma or craniocervical trauma because symp¬ 
toms may be masked by the underlying head or spine injury (Bok 
and Peter, 1996; Schellinger et al., 2001; Yang et al., 2006). There 
are no incidence data for the pediatric age group. 


Pathology 

Histopathological studies of affected arteries are rare and result 
from two sources: (i) single case reports with autopsies of patients 
who died following severe stroke (Blanco Pampin et al., 2002); 
and (ii) surgery specimens at times when patients with pseudo¬ 
occlusions or pseudoaneurysms were operated on, because the 
nature and prognosis of the disease were not yet known (Muller 
etal., 2000). 

The major finding is a blood clot either between the tunica 
intima and media (subintimal dissection) or between the tunica 
media and adventitia (subadventitial dissection) (Figure 60.1). It is 
not known whether the hematoma location gives any clue regard¬ 
ing etiology or risk factors. Subintimal dissection is said to cause 
predominantly stenosis, whereas subadventitial dissection should 
cause more frequently dissecting aneurysms (pseudoaneurysms) 
and local symptoms such as Horner's syndrome or cranial nerve 
palsy. Such a correlation seems logical, however; because no imag¬ 
ing method is able to delineate exact hematoma location within 
the vessel wall layers, they are not really proven. 

In a histological analysis of the specimens of 50 surgically treated 
internal carotid artery dissections (ICAD), signs of traumatic alter¬ 
ation were observed in 18% and of fibromuscular dysplasia (FMD) 
in 12% (Muller etal., 2000). 

Direct evidence for an arteriopathy from histological analyses 
of an affected vessel is almost nonexistent and indirectly comes 
from skin biopsies or from biopsies of remote superficial vessels 


Table 60.1 Pathogenetic factors in CAD 


Environmental 

Trauma 

Definite trauma- “traumatic dissections” 

Cervical spine fracture 
blunt neck trauma 
penetrating neck injury 

“Trivial” or “minor" trauma- many cases of “spontaneous 
dissections” 

Every day activities (e.g. coughing, sneezing, shaving, 

falls, car parking, bending over, coitus, 
hit to the head) 

Sports (e.g. basket, volley, tennis, polo, 

squash, soccer, bowling, diving, Yoga, 
aerobics, skiing, hockey, 
weight-lifting, bungee jumping, roller 
coaster) 

Medical manoeuvres (Intubation, delivery, reanimation, 

manipulation) 

Contraceptives, Drugs (sympathomimetics) 

Recent infection 


Constitutional 

Arterial disease 

Direct evidence 

Arterial redundancy: Vessel tortuousity (kinking, coiling) (-30%) 
Fibromuscular dysplasia (10-20%) 

Cystic medial necrosis (Erdheim-Gsell) 

Known heritable connective tissue disorders [Marfan’s 
syndrome, Type IV Ehlers-Danlos syndrome, Osteogenesis 
imperfecta, Pseudoxanthoma elasticum, Adult polycystic 
kidney disease (ADPKD)] 

Dilated aortic root diameter (>34 mm) 

Abnormal CCA elastance in sonographic tests 
Indirect evidence 

Abnormal or deficient elastin or fibrillin in cultured dermal 
fibroblasts 

Multivessel dissections 

Higher incidence of intracranial aneurysms in patients with 
ICAD 

High prevalence of ICADs and cerebral aneurysms in siblings of 
patients with ICADs 

Vasculitis (Syphilis, Polyarteriitis nodosa) 

Endothelial dysfunctions in different tests 
Familial occurrence of ICA dissections 

ICA dissections and intracranial 
aneurysms bicuspid aortic valve and 
arterial dissections arterial 
dissections with lentiginosis 
a 1-Antitrypsin deficiency 
Hyperhomocysteinemia 
Migraine 
Hypertension 
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in patients with dissections (Brandt and Grond-Ginsbach, 2002; 
Grond-Ginsbach etal., 2002; Volker etal., 2005). 

Pathogenesis of dissections 

Inmostpatients with CAD, the exact pathogenesis of the dissection 
remains undetermined. Table 60.1 gives a list of potential risk fac¬ 
tors with varying degree of evidence. Essentially, two maj or groups 
are presumed: (i) constitutional, best summarized as arterial dis¬ 
ease and (ii) environmental, such as trauma (Rubinstein et al., 
2005). 

In the case of a severe head and/or neck trauma, such as e.g. 
cervical spine fracture, the pathogenesis is straightforward; these 
dissections are called traumatic. Otherwise, dissections are called 
spontaneous. Some kind of predisposing arterial disease, together 
with a triggering event, such as e.g., an infection or trivial (may be 
unrecognized) trauma, seems the mostlogical pathogenetic chain. 
Yet, most patients with sCAD have no evidence for an arteriopa- 
thy or connective tissue disorder in their family history, personal 
history, or at clinical examination. 

Trauma 

Major trauma 

The role of major trauma to the head or neck in the production of 
CAD is well recognized. In case of ICAD, hyperextension and rota¬ 
tion of the neck forces traction on the ICA as it crosses the trans¬ 
verse processes of C2 and C3 vertebrae. The intima (the least elastic 
layer of the arterial wall) may tear, and arterial dissection results. 
Abrupt full neck flexion may directly crush the ICA between the 
angle of the mandible and the upper cervical spine (Figure 60.2). 
Further causes are direct trauma to the anterior neck (blunt such as 
e.g. apunch or strangling) orpenetratingtraumasuchase.g.aknife 
thrust; a prominent styloid process may also injure the ICA during 
abrupt or steady and severe rotations of the neck. Such injuries 
are not infrequent with motor vehicle accidents, which seem to be 
the leading cause of traumatic ICAD (Mokri et al., 1988) (Blanco 
Pampin etal., 2002). 

Traumatic dissections of the VA are primarily related to injuries 
associated with rotations of the neck (Bok and Peter, 1996). With 



Figure 60.3 Potential mechanisms causing traumatic vertebral artery 
dissections (tVAD). 


forceful, sudden, or extreme rotations, the artery is most inten¬ 
sively distorted and stretched in the V3 segment at the C2/C1 and 
less at the C3 / C2 level (Figure 60.3); it may also be distorted by mus¬ 
cles and fascial bends at the junction of the VI and V2 segment or 
by adjacent osteophytes as the artery travels upward in the trans¬ 
verse foramina (V2 segment). 

Chiropractic manipulations, therefore, tend to cause more ver¬ 
tebral artery dissections (VAD) than ICAD. tVAD usually occur at 
the Cl/C2 level (Hart, 1988; Smith etal., 2003; Sturzenegger, 1993). 
A pathogenetic effect of a chiropractic maneuver could be proven 
only in a minority of cases (Rothwell et al., 2001). Also, few his¬ 
tological examinations have shown evidence of a primary arterial 
disease in cases of tCAD. 

Trivial or minor trauma 

Many patients with CAD give a history of minimal or trivial trauma, 
especially if asked for it. A variety of traumas such as forceful 
coughing, sports activities, blowing the nose, sexual activity sus¬ 
tained head turning, sleeping with head in an awkward position, 
prolonged neck extension, and so forth, have been reported (Hart 
and Easton, 1983) (see Table 60.1). Some of the reported events may 
be of no clinical significance, whereas others might have played 
an etiologic role. There is, however, no study suggesting that any 
neck movement or trivial neck trauma poses an independent risk 
factor for CAD (Rubinstein etal., 2005). 



Figure 60.2 Mechanisms of traumatic ICA dissections. 


Arterial disease 

The relationship between sCAD and various constitutional as well 
as environmental risk factors is complex (Brandt and Grond- 
Ginsbach, 2002; Grond-Ginsbach et al., 2002). According to the 
actual knowledge, CAD is regarded as an endpoint of a hetero¬ 
geneous group of vasculopathies - permanent, transient, or both 
combined - developing under the influence of various genetic and 
environmental factors. The actual prevailing hypothesis for a vas- 
culopathy is an extracellular matrix defect that may have various 
(genetic) origins (Guillon etal., 2000). 

Direct evidence of arterial disease 

Redundancy of ICAs with the presence of coils, loops, or kinks 
is overrepresented in patients with ICAD (up to 30%) (Barbour 
et al., 1994; Sturzenegger, 1995) and is probably the most fre¬ 
quent associated vessel anomaly (Figure 60.4). It may frequendy 
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Figure 60.4 Arterial (carotid) redundancy as a predisposing factor for dissection, a) conventional angiography showing irregular stenosis (arrows) and a kinking of 
right ICA; b) MR-bolus contrast enhanced angiography showing kinking of right ICA and string sign (long distance tight stenosis) of left ICA; c) axial T1 showing the 
coiled right ICA with surrounding hemorrhage cut three times in the same plane; d) coronal T1, fat suppressed; e) axial T1 fat suppressed MR scans; d) and e) again 
show mural hematoma (hyperintense) around the coiled prepetrosal ICA segment. 


go undetected in the case of vessel occlusion (Sturzenegger, 
1995). 

Angiographic evidence of FMD (Figure 60.5) or histological evi¬ 
dence of cystic medial necrosis has been noted in some patients 
with CAD (Thapedi etal., 1970). Up to 15% of patients with ICAD 
have angiographic changes suggesting FMD in carotid, vertebral, 
or renal arteries (Table 60.1). 


Hereditary connective tissue disorders, in particular the Type IV 
Ehlers-Danlos syndrome, but also Marfan's syndrome, osteogen¬ 
esis imperfecta (mutations in one of the two genes [Col 1A1 and 
Col 1A2] encoding collagen type I), pseudoxanthoma elasticum, 
and adult polycystic kidney disease (ADPKD), are likely to be 
risk factors for sCAD (Brandt and Grond-Ginsbach, 2002; Grond- 
Ginsbach etal., 2002). However, such underlying genetic disease 
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Figure 60.5 Fibromuscular dysplasia (FMD) probably more frequently underlies CAD than assumed since it is not well detected using MRI and may be masked by 
mural hemorrhage, a) and b): MR-bolus contrast enhanced angiography showing string sign of the right and irregular lumen of the left ICA. c) and d): conventional 
angiograms (frontal and lateral view) showing typical "string of beads" sign of the ICA with a dissecting aneurysm. 


is found in a minority of sCAD patients. One group found connec¬ 
tive tissue aberrations (abnormalities of collagen fibrils and elas¬ 
tic fibers) in skin biopsies in about half of examined CAD patients 
and their relatives (Brandt etal., 1998,2001). Another group found 
microbleeds at the tunica media-adventitia junction and altered 
smooth muscle cells in superior temporal artery branch biopsy in a 
small sample of sCAD patients (Volker etal., 2005). The evaluation 
of CAD family members with connective tissue alterations in skin 
biopsy by linkage analysis suggested locus heterogeneity (Wiest 
etal., 2006). 

In a case-control study, aortic root diameter >34 mm as well 
as mitral valve dystrophy and prolapse were found to be associ¬ 
ated with increased risk for sCAD (Tzourio et al., 1997). Aortic and 
valvular abnormalities are considered markers of an extracellular 
matrix defect and are also a hallmark of Marfan’s syndrome (Brandt 
etal., 2001). 

Functional tests using ultrasound in case-control studies 
showed evidence of impaired endothelium-dependent flow- 
mediated vasodilatation (Lucas et al., 2004), increased common 
carotid artery diameter change (distensibility) during cardiac cycle 
(Guillon ef al., 2000), and higher circumferential wall stress of the 
carotids indicating abnormal elastic properties (Calvet etal., 2004) 
in patients with sCAD in nondissected vessels as compared to con¬ 
trols or peripheral arterial segments. 

The relatively young age of affected patients, the involvement 
of arterial segments usually not affected by atherosclerosis, and 
the absence of signs of atherosclerosis on imaging are additional 
arguments for a nonatherosclerotic vasculopathy. 


Indirect evidence of arterial disease 

The occurrence of multivessel dissections (unilateral or bilateral 
ICAD plus unilateral or bilateral VAD with renal artery or other 
visceral artery dissections), the higher incidence of intracranial 
aneurysms in patients with ICAD (Schievink et al., 1992), the 
familial occurrence of spontaneous ICAD and congenitally 
bicuspid aortic valve (Schievink et al., 1996), the occurrence of 
a familial syndrome of arterial dissections and lentiginosis, the 
familial association of intracranial aneurysms and CAD, and 
the familial occurrence of spontaneous ICAD all point to the 
possibility of an underlying arterial disease that, at least in some 
cases, maybe familial (Table 60.1). 

Whereas a I -antitrypsin plays a crucial role in maintaining the 
integrity of connective tissues and also arterial wall structure, the 
role of a deficiency of this enzyme with CAD is debated. One study 
found low levels of a 1 -antitrypsin in sCAD patients compared with 
controls (Vila et al ., 2003). In a recent case-control study, there was 
no difference in a 1-antitrypsin deficiency alleles (Grond-Ginsbach 
etal., 2004). 

The role of hypertension and of cigarette smoking remains 
unsettled: these two vascular risk factors were found only rarely 
to be associated with CAD (Konrad etal., 2004) but not so in most 
studies (Rubinstein etal., 2005). A recent multicenter, prospective, 
hospital based, case-control study found a trend towards an 
increased risk of sCAD in hypertensive patients (adjusted odds 
ratio [OR] 1.79) (Pezzini ef al., 2006). 

Oral contraceptive use was associated with CAD in three studies, 
significantly in only one (D’Anglejan-Chatillon et al., 1989; Grau 
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etal., 1999; Tzourio etal., 2002). Atherosclerosis does not seem to 
be a risk factor. Indeed, CAD seems to be less common in older 
atherosclerotic patients (Rubinstein etal., 2005). 

The role of hyperhomocysteinemia is controversial (Rubinstein 
etal., 2005). It has been shown to cause endothelial dysfunction; 
however, CAD is not the result of endothelial disease. Two studies 
reporting a weak association are flawed by selection biases, above 
all in the controls (Caso and Gallai, 2003; Gallai etal., 2001; Pezzini 
etal., 2002). 

Infection 

Recent infection has been found to be an independent risk factor 
for CAD in two case-control studies (Grau et al. } 1999; Guillon 
etal., 2003). Such an association may explain both a triggering role 
of an acute infection and a seasonal pattern of CAD occurrence, 
or it may stress the role of blood pressure because blood pressure 
is known to be higher in winter (Paciaroni et al., 2006; Schievink 
et al., 1998). The association of CAD with thyroid autoimmunity 
generates the hypothesis of genetically determined susceptibility 
to inflammatory stimuli as a predisposing factor for CAD (Pezzini 
etal., 2006). 

Age and sex 

Spontaneous ICAD and VAD occur most frequently in the middle- 
aged or younger persons. The overall mean age for sICAD is around 
45 years (with a wide range from <10 to >70 years) and for sVAD 
around43years (range >20 to 70) (Arnold etal., 2006; Baumgartner 
et al., 2001; Schievink, 2001). Overall, approximately 70% of the 
patients are reported to be younger than 50 years, and less than 
10% of the patients are younger than 30 years. However, the age 
may change with the population studied: in one prospective study 
of stroke patients, 32% of those with an underlying dissection 
were older than 60 years (Ahl etal, 2004). Older patients are less 
frequently referred to stroke centers and investigated using MRI, 
which may lead to underestimation of CAD in this age group. 

The largest study to date including 696 patients with first-ever 
CAD reported a slight male predominance (57%). Women were 
younger than men (42.5 vs. 47.5 years). In men, there was a higher 
frequency of hypertension; in women, of migraine (Arnold et al., 
2006). 

In children, dissection shows a clear male preponderance 
whether traumatic or not, and is predominantly extracranial in 
traumatic but intracranial in spontaneous cases (Fullerton et al., 
2001; Schievink et al., 1994). sCAD in the pediatric age group (18 
years or younger) seems to be rare; in the Mayo Clinic series, this 
accounted for less than 5% of the group (Schievink et al., 1994). 
However, in a recent consecutive stroke series in children, dissec¬ 
tion accounted for 20% of all causes, as in adults (Chabrier et al., 
2003). Almost all children with CAD diagnosed had a stroke, and 
only half had pain as a warning symptom (Fullerton et al., 2001), 
which may, however, reflect a selection bias due to low index of 
suspicion in children, and poor assessment of warning symptoms. 

The mean age of patients with traumatic dissections reported is 
around 30 years, and two-thirds are men (Hicks etal., 1994). 


Migraine and ICAD 

Several case-control studies found an association between 
migraine and CAD (D'Anglejan-Chatilloneta/., 1989; Tzourio etal., 
2002). Dissections, in contrast, may have transient or even recur¬ 
rent symptoms such as pain and neurological disturbances mim¬ 
icking migraine with or without aura (Silverman and Wityk, 1998). 
Finally, CAD may trigger the trigeminovascular system and thus 
migraine; we have seen patients with pre-existing migraine in 
whom the dissection only caused either more frequent typical 
migraine attacks or prolonged migraine-like headache. 


Clinical presentation 


ICAD 

The clinical manifestations of ICAD are highly variable. There are 
no clear differences in the clinical presentation of spontaneous 
versus traumatic ICAD. 

Headache, neck and facial pain, pulsatile tinnitus, Horner’s syn¬ 
drome, cranial nerve palsies, anterior circulation stroke, transient 
ischemic attack (TLA), amaurosis fugax, and retinal infarction may 
be present in isolation or in various combinations (Table 60.2). 

Symptoms caused by ICAD may be classified into two groups: 
(i) local symptoms, present in at least 75%, caused by intramural 
hemorrhage with vessel wall stenosis and/or distension or local 
space-occupying effect (Baumgartner et al. } 2001; Sturzenegger, 
1995; Sturzenegger and Huber, 1993); and (ii) remote, as a conse¬ 
quence of ocular or cerebral ischemia, presenting as TIA in 10-20% 
or stroke in 60% (30-80%) (Baumgartner etal., 2001; Biousse etal., 
1998; Dziewas et al., 2003; Nassenstein et al., 2005; Touze et al., 
2003) (Figure 60.6). 

Ischemic symptoms are often preceded by local warning symp¬ 
toms or signs such as head, facial, or neck pain; tinnitus; Horner’s 
syndrome; or cranial nerve palsies. The knowledge and recogni¬ 
tion of these symptoms and often subtle signs are the key to an 
early diagnosis and treatment of ICAD before ischemic complica¬ 
tions occur (Biousse etal., 1995; Sturzenegger, 1995). 


Table 60.2 Clinical manifestations of ICAD 

Local symptoms or signs 

Remote symptoms or signs 

(ischemia) 

Headache, facial and neck pain 

Stroke (mainly in the MCA 

(fronto-temporal, orbital, 

territory); 41%-64% 

periorbital, anterior neck); 

64-90% 

Homer’s syndrome; 25%-58% 

TIA; 15%-29% 

Pulsatile tinnitus; 16%-27% 

Amaurosis fugax; 3%-28% 

Cranial nerve palsies (mainly 

Ischemic optic neuropathy; <5% 

cranial nerves IX to XII, less 

Retinal infarction; <5% 

frequently VII, VI, V, IV, III); 

5%-16% 
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Figure 60.6 CAD. Pathogenesis of symptoms. 


Local symptoms of ICAD 

The most common symptom of ICAD is pain. Pain is the inaugu¬ 
ral symptom in more than 50% and finally is reported by 64%- 
90% of ICAD patients (Baumgartner et al., 2001; Biousse et al., 
1994; Dziewas et al., 2003; Vilela and Goulao, 2003). Pain usually 
is an acute and early manifestation; however, it may also develop 
progressively and later in the disease course (Biousse etal., 1994; 
Silbert et al., 1995). Patients may present with headache, facial 
pain, or neck pain. Headache is present in 66%-68%, facial 
pain in 34%-53%, and neck pain in 9%-26%. In 17% of the 
patients, headache, facial pain, and neck pain occur simultane¬ 
ously (Biousse etal., 1994). 

Pain can occur simultaneously with retinal or cerebral ischemia 
but more often precedes the ischemic symptoms by hours to 
several weeks, and then is an important warning symptom 
(Sturzenegger, 1995; Sturzenegger and Steinke, 1996). Location of 
pain is variable but usually unilateral, i.e. ipsilateral to the ICAD. 
The most frequent locations involve the frontotemporal, perior¬ 
bital face and head, and/or upper anterolateral cervical region 
(Figure 60.7). (Biousse etal., 1994; Silbert etal., 1995; Sturzenegger, 
1995). Less frequently, patients may complain of bilateral pain, 
occipital headache, or entire hemicrania. 


Figure 60.7 Pain location in CAD. 


Pain is severe in more than 70% of patients and is often described 
as unique or unusual (Sturzenegger, 1995). Its character can be 
throbbing, constrictive, or pulsatile. Patients may even complain 
about extremely severe and sudden headache, like a thunderclap 
(Evans and Mokri, 2002). Pain following ICAD can also mimic clus¬ 
ter headache or migraine (Frigerio et al., 2003). Pain as the only 
manifestation of sICAD has been reported in up to 5% (Arnold 
etal., 2006). 

Pulsatile tinnitus may occur in stenotic dissection, but only 16%- 
27% of patients describe a pulsatile tinnitus (Silbert etal., 1995). In 
one large study, women more often than men (16% vs. 8%) reported 
the presence of a pulsatile tinnitus (Arnold et al., 2006). Clinical 
examination may reveal a carotid bruit in these patients. 

local signs of ICAD 

ICAD patients may present with Horner’s syndrome if the ipsilat¬ 
eral cervical sympathetic fibers are affected by ischemia or com¬ 
pression or stretching due to mural hematoma (Hart and Easton, 
1983; Sturzenegger and Huber, 1993). It may occur isolated or in 
combination with other local and ischemic symptoms. It may be 
detected at the onset of pain as a heralding sign, or with a delay of 
several days, when stroke has already occurred (Sturzenegger and 
Huber, 1993). In total, Horner’s syndrome is reported in 25%-58% 
of patients with ICAD (Biousse, Touboul, D’Anglejan-Chatillon, 
et al., 1998; Arnold, Kappeler, Georgiadis, et al., 2006). However, 
the so-called classical triad of ICAD (including ipsilateral pain, 
Horner's syndrome, and anterior circulation cerebral ischemia) is 
present in less than 30% of ICAD (Schievink, 2001). 

Single or multiple cranial nerve palsies in various combinations 
are found in 5%-16% of patients with extracranial ICAD (Arnold 
etal., 2006; Mokri etal., 1986,1996; Sturzenegger and Huber, 1993). 
The most frequently involved nerve is the hypoglossal nerve fol¬ 
lowed by the other lower cranial nerves including the accessory, 
vagal, and glossopharyngeal nerves. The facial, trigeminal, and 
oculomotor nerves also may be affected in rare cases. Dysgeusia, 
probably due to affection of the chorda tympani nerve, has been 
described. 

Possible pathomechanisms leading to cranial nerve palsies 
include direct compression or stretching of the nerves by the 
expanded carotid artery or the compromise of their vasa nervo¬ 
rum (Sturzenegger and Huber, 1993). Isolated local signs, without 
remote ischemic events, are reported in up to 25% (Touze et al., 
2003). 

Ischemic manifestations of ICAD 

Cerebral and ocular ischemic manifestations are the most feared 
symptoms of ICAD. The frequency of cerebral ischemia mainly 
depends on the delay to diagnosis and on patient selection, and 
varies between 50% and 90% (Baumgartner et al., 2001; Biousse 
etal., 1998; Touze etal., 2003). 

Patients with ICAD with ischemic manifestations more often 
have severe carotid stenoses or occlusion or intracranial obstruc¬ 
tion, and their ICAD are less frequently accompanied by cranial 
nerve palsy and Horner’s syndrome compared with ICAD without 
ischemia (Baumgartner etal., 2001). 

Anterior circulation TIA occurs in 15%-29% of patients with 
ICAD (Treiman et al., 1996). It was the inaugural symptom of 
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ICAD in 8 of 80 patients (Biousse etal., 1995). Most TIAs occurred 
within the first few days of symptom onset, and recurrent TIAs 
have been observed in several patients. Among 42 patients who 
had suffered a cerebral infarction, it was preceded by TIAs in 7 
(Biousse etal., 1995). 

Most ischemic strokes (82%) occur within the first week of 
symptom onset. Late infarcts more than a month after symptom 
onset and a single case with a disabling stroke arising 5 months 
after ICAD have been reported (Biousse et al. } 1995; Martin and 
Humphrey, 1998). More than two-thirds of ischemic strokes are 
preceded by local warning symptoms, amaurosis fugax, and/or 
TIA (Biousse etal., 1995; Sturzenegger, 1995). 

Artery-to-artery embolism (and not hemodynamic impair¬ 
ment) seems to be the main stroke mechanism as assessed by 
stroke pattern analysis (BenningerefaZ., 2006; Bounds, 1999;Lucas 
etal., 1998; Pelkonen etal., 2003; Steinke et al., 1996). In a recent 
study, all patients had territorial infarcts, 130 of 131 in the middle 
cerebral artery (MCA) territory and 1 in the anterior cerebral artery 
(ACA) territory. In six patients, additional border zone infarcts were 
visualized. Rarely, patients with MCA infarcts had additional ACA 
(4%) or posterior cerebral artery (PCA) infarcts (2%) (Benninger, 
Georgiadis, Gandjour, etal., 2006). Watershed infarcts are reported 
in 3%-15% of CAD-associated strokes (Dreier et al., 2004; Lucas 
etal., 1998; Steinke etal., 1996). 

Single or multiple episodes of transient monocular visual loss 
(amaurosis fugax) is a frequent symptom of ICAD and occurs in up 
to 28% of patients. Patients sometimes describe positive monoc¬ 
ular visual phenomena such as monocular scintillations or flash¬ 
ing lights (Biousse et al., 1998). These symptoms may be caused 
by transient emboli or more likely hemodynamic impairment of 
the retina, choroidea, or optic nerve. In a large series, none of 
41 patients with transient monocular visual symptoms following 
ICAD had retinal emboli on fundus examination. 

Manypatients with amaurosis fugaxignore these warning symp¬ 
toms and subsequently develop a stroke. Persisting visual loss due 
to retinal infarction is a rare eventinICAD (Rao etal., 1994). Only 10 
of 533 patients with ICAD suffered a retinal infarction (our unpub¬ 
lished observations). 

Rarely, anterior or posterior ischemic optic neuropathy may 
occur as an early sign of ICAD with severe stenosis or occlusion. 
Patients may present with monocular visual impairment with¬ 
out retinal artery occlusion on fundus examination. An ipsilateral 
mydriasis with absent or poor reactivity to light stimulation may be 
present in these patients, probably because ischemia of the ciliary 
ganglion or the iris. 

Asymptomatic ICAD 

Asymptomatic ICADs have been reported to occur simultane¬ 
ously with symptomatic VAD or contralateral ICAD, or have been 
detected incidentally during routine follow-up examinations on 
ultrasound or MRI. 

VAD 

The clinical picture of VAD again is broad and variable (Arnold 
et al., 2006; Mokri et al., 1988) (Table 60.3). Occipital headache, 


Table 60.3 Clinical manifestations of VAD 

Local symptoms or signs 

Remote symptoms or signs 
(Ischemia, subarachnoid 
hemorrhage) 

History of head or neck trauma: 

Posterior circulation stroke 

16%-44% 

(often Wallenberg’s 

Posterior headache or neck pain: 

syndrome): 67%-83% 

Posterior circulation TIA (e.g., 

81%-88% 

diplopia, visual blurring, gait 

Cervical root affection mostly at 

disturbance, vertigo, 
dysphagia, dysarthria, 
hemisensory symptoms, 
motor symptoms): ll%-23% 
Subarachnoid hemorrhage (in 

the C5-C6 level: <1% 

intracranial VAD): 4%-13% 

Lower brainstem compression 

Rostral or mid-cervical spinal 

(in intracranial VAD): <1% 

cord ischemia: <1% 


neck pain (sometimes preceded by a major or minor head or neck 
trauma), and posterior circulation ischemia are the main clin¬ 
ical features. Rarer clinical manifestations include cervical root 
impairment and spinal cord ischemia. In patients with intracra¬ 
nial VAD, subarachnoid hemorrhage (SAH) or in single cases lower 
brainstem compression (in intracranial VAD) may occur (Gamier 
etal., 2004; Hosoyaefa/., 1999). 

Local symptoms and signs of VAD 

Posterior headache or neck pain occurs in up to 88% of patients 
with VAD (Figure 60.7; Arnold et al., 2006; Mokri et al, 1988; 
Sturzenegger, 1994). The posterior location of headache may be 
explained by the innervation of the occipital region by the upper 
cervical nerves. The pain is ipsilateral to the dissected VAD in the 
majority of patients, but bilateral pain is not rare (Sturzenegger, 
1994). Rarely generalized or frontal headache has been described. 
The character of headache was steady in 56% and pulsatile in 44% 
(Evans and Mokri, 2002; Silbert et al., 1995). About one-fourth of 
patients reported abrupt onset of pain, and three-fourths gradual 
onset. Only about 50% of patients described the pain to be unique 
and different than previously experienced (Silbert et al., 1995). 
Isolated headache or neck pain may be the only symptom in VAD, 
even when multiple arteries are dissected. Because of the hetero¬ 
geneity of pain topographies, dynamics, quality, and intensity, it is 
difficult to establish an early diagnosis. Therefore, we recommend 
immediate imaging studies of the cervical arteries in patients 
with new-onset unexplained headache or neck pain (Arnold et al., 
2006). 

In the case of intracranial extension of extracranial VAD or pri¬ 
marily intracranial VAD, SAH may occur when the dissection tears 
the adventitia (Gamier etal., 2004; Yamaura etal., 1990). Patients 
present with headache of severe intensity and sudden onset. In 
a study of 24 patients with SAH following intracranial VAD, 15 
patients had a grade III to grade V on the Hunt and Kosnik scale 
and 9 a grade I or II. A severe neurological deficit on admission, 
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rebleeding, and a pearl-and-string-like aspect on angiography 
were predictors of an unfavorable outcome (Hosoya etal., 1999). 
Rare cases of spinal SAH because ofVAD have been reported (Crum 
etal., 2000). 

Cervical root irritation, mainly affecting the C5-C6 level, is a very 
rare local symptom ofVAD (Crum etal., 2000). 

Single cases of lower brainstem compression by a dissecting 
aneurysm of the intracranial VA without SAH have been described 
(Caplan etal., 1988; Miyazaki etal., 1984). 

Ischemic manifestations of VAO 

The majority of patients present with symptoms and signs of pos¬ 
terior circulation ischemia, consisting mainly of stroke (67%-83%). 
Ischemia may be causedbyartery-to-artery embolism or by hemo¬ 
dynamic impairment of the territory supplied by the VA. 

Lateral medullar infarction leading to Wallenberg syndrome is 
a frequent manifestation ofVAD. Other locations include medial 
medullar, cerebellar, pontine, thalamic, and PCA infarcts (Mokri 
et al., 1988). In the case of basilar artery occlusion because of 
embolism, devastating brainstem infarct leading to "locked-in” 
state or death may occur (Hicks et al., 1994). In a large series of 
169 patients with VAD, ischemia occurred in 131 patients (77%). 
Among these patients, 114 suffered an ischemic stroke (67%). 
Fifteen (13%) of them had at least one TLA before stroke, with 
a median time interval from the first TLA to stroke onset of 
1 day (range, 1 hour to L7 days). A total of 17 patients (10%) pre¬ 
sented with TLA without a subsequent stroke. Three patients with 
ischemic stroke also showed signs of SAH (Arnold etal., 2006) .Pos¬ 
terior and anterior radicular branches of the VA supply the rostral 
and middle cervical spinal cord. Therefore, spinal cord ischemia 
in the territory of the anterior or posterior spinal artery or both is a 
potential complication ofVAD. Bilateral spinal cord infarction may 
occur if spinal radicular arteries arise from only one VA (Crum etal., 
2000 ). 

Asymptomatic patients with VAD 

Some patients with VAD may be asymptomatic, with the VAD being 
detected during the diagnostic procedures in patients with ICAD 
(Pelkonen etal., 2003; Shah etal., 2004; Touze etal., 2001). 

Intracranial dissections 

Dissections of the intracranial segments of ICA and VA seem to 
be rare and usually present with severe headache, ischemic symp¬ 
toms, or SAH (Chaves et al., 2002; Hosoda et al., 1991; Yamaura 
et al., 1990). Affected subjects are mostly young with a mean age 
less than 30 years. Intracranial dissections seem to occur most fre¬ 
quently in the V4 segment of the VA (Gamier et al., 2004; Hosoya 
et al., 1999; Yamaura et al., 1990). In the anterior circulation, the 
supraclinoid ICA segment is most frequently involved (Chaves 
et al., 2002). Brain ischemia is almost the rule and usually fol¬ 
lows immediately after headache onset (Chaves etal., 2002). How¬ 
ever, diagnosis is difficult because the clinical spectrum is broad 
and may be severe at presentation. Extensive diagnostic work-up 
(usually with conventional angiography) is necessary so as not to 
miss correct diagnosis (Gamier et al., 2004; Hosoda et al., 1991; 


Hosoya et al., 1999). Clinical manifestations of intracranial VAD 
include headache, neck pain, SAH, (rarely) rostral cervical spinal 
cord ischemia, or brainstem compression. These symptoms have 
been discussed previously. 

The visualization of a mural hematoma in intracranial arteries is 
difficult, and imaging of intracranial arteries is not systematically 
performed in some stroke centers (Hosoya etal., 1999). Therefore, 
the incidence of intracranial dissections is likely to be underes¬ 
timated. Prognosis is thought to be poorer than in patients with 
extracranial CAD (Chaves et al., 2002; Gamier et al., 2004). How¬ 
ever, the seriousness of the disease maybe overestimated because 
of a publication bias in favor of autopsy cases due to the difficulty 
of the intra vitam diagnosis (Chaves ef al., 2002). 

Diagnostic evaluation 

The wide spectrum of clinical manifestations only allows for diag¬ 
nostic suspicion without the use of imaging methods, especially 
before ischemic events have occurred. More than 90% of all 
cerebral ischemic events are of (artery-to-artery) embolic origin 
(Benninger etal., 2004; Lucas etal., 1998). Because anticoagulant 
treatment is accepted to prevent the latter, early and reliable con¬ 
firmation is mandatory (Lee ef al., 2006; Sturzenegger and Steinke, 
1996; Treiman et al., 1996). During the last years, MRI and MRA 
have replaced intra-arterial digital subtraction angiography (DSA) 
as the diagnostic gold standard (Charbonneau et al., 2005; Levy 
etal., 1994). The crucial advantage of MRI is its ability to show the 
intramural hematoma proving dissection (Figures 60.8, 60.9, and 
60.13). Combined with cervical vessel MRA, luminal compromise 
is shown as well (Figures 60.8-60.10 and 60.12), and cerebral MRI 
may show (also subclinical) ischemic complications. Meanwhile, 
sophisticated protocols exist that allow noninvasive imaging of 
vessel wall, vessel lumen, and brain within a 30-minute exami¬ 
nation time (Nassenstein et al., 2005). Older studies report brain 
ischemia in 60%-80% of patients with dissection (Baumgartner 
etal., 2001; Biousse et al., 1995; Dziewas et al., 2003; Sturzeneg¬ 
ger, 1995); however, a delay between first symptoms (local, such as 
pain, Horner’s syndrome, or pulsatile tinnitus) and stroke is well 
known and may last hours to days (Sturzenegger, 1994, 1995). A 
high degree of suspicion and an early active search for CAD with 
noninvasive imaging methods (especially MRI) in patients at risk 
can reduce the stroke rate in CAD dramatically to less than 30% 
(Nassenstein etal., 2005; Sturzenegger, 1995). 

Angiography 

Compared to MRI, the main shortcoming of conventional catheter 
angiography is its inability to image pathology of the vessels wall 
(mural hematoma) and its invasiveness. 

ICAD 

Common angiographic abnormalities in ICAD include luminal 
stenosis, which frequently has a typical appearance: irregular, 
elongated (“string sign”), and tapered stenosis (Figure 60.11); rapid 
luminal reconstitution at skull base; association with vessel tortu¬ 
osity, dissecting aneurysms (pseudoaneurysm), intimal flaps, and 
slow ICA-MCA flow; occlusion (usually beginning about 1-2 cm 
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Figure 60.8 MRI and MRA findings in a patient with right acute ICAD and left old ICAD with kinking and dissecting aneurysm, a) axial PD; b) axial T1 fat suppressed; 
c) coronal T1 fat suppressed MR images showing (hyperintense) mural hematoma asymmetrically surrounding narrowed vessel lumen (flow void, black); d, e, f) MR 
bolus contrast enhanced angiography. 


above the bifurcation and tapering to a complete occlusion with 
a flame-like or radish-tail appearance) (“flame sign”) (see also 
Figure 60.1); and distal branch occlusions (a sign of distal 
embolization) (Fisher etal., 1978; Houser etal, 1984). In traumatic 
ICAD, aneurysms and occlusions are more frequent. 

VAD 

The most common angiographic features of VAD again include 
stenosis (elongated, irregular, and sometimes tapered), dissecting 
aneurysms, occlusion, and intimal flaps (Figure 60.12). Because of 
the smaller vessel dimensions and the curvilinear course of the VA, 


MRI and MRA are less sensitive and have more confusing artifacts 
than in the carotid artery and therefore are less specific. 

Basilar artery and other intracranial artery dissections 

On angiography they may appear as an elongated stenosis, dou¬ 
ble lumen, dissecting aneurysm, or occlusion (Alexander et al., 
1979; Berger and Wilson, 1984; Berkovic et al., 1983; Hosoda et 
al., 1991; Pozzati et al., 1995) (Figure 60.12). Dissections of the 
smaller intracranial vessels such as PCAs or MCAs have a much less 
specific angiographic appearance: nonspecific segment of steno¬ 
sis or occlusion; stenosis may show luminal irregularities or be 
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Figure 60.9 (a-f) MR and MRA in a patient with bilateral ICAD. 


associated with luminal expansion or dilatation (Grosman et al., 
1980; Maillo etal, 1991; Sasaki etal., 1991). It is not unusual that 
entities such as “vasculitis” or meningeal infection or inflamma¬ 
tion enter into the differential diagnosis. Overall, in most cases it 
becomes visually impossible to make an angiographic diagnosis 
of dissection with certainty in these small vessels. 

MRI and MRA 

MRI and MRA have replaced angiography as the gold standard, at 
least in the extracranial segments of ICA and VA. Special imaging 
protocols of MRI and contrast-enhanced MRA should be com¬ 
bined to get the highest diagnostic yield (Phan et al, 2001; Shah 
et al., 2004). With contrast-enhanced MRA techniques (such as 
bolus gadolinium injection), stenoses, some of the luminal irreg¬ 
ularities, and many of the aneurysms can be seen (Figures 60.8- 
10, 60.12) (Auer etal., 1998; Levy etal., 1994; Ozdobaefa/., 1996; 


Yang et al., 2005). For the quality of MRA examination, a cor¬ 
rect technique is crucial (Okumura et al., 2001; Phan etal., 2001). 
More subtle luminal irregularities (such as e.g. in FMD) and small 
aneurysmal dilatations could be missed with MRA when sensi¬ 
tivity is compared with that of high-quality conventional catheter 
arteriograms. Cross-sectional MR images at the level of dissec¬ 
tion frequently reveal specific MRI abnormalities consisting of a 
dark small circle of flow void (which is smaller than the normal 
caliber of the original lumen as compared with the contralateral 
flow void area and best depicted on axial T2-weighted sequences) 
representing the narrowed lumen. This is surrounded by a bright 
hyperintense crescent- or donut-shaped zone that represents the 
intramural hematoma, best visualized with fat-suppressed axial 
or coronal Tl-weighted sequences (Figures 60.8-60.10, 60.13). 
Double lumen is a rarer finding. These MRI abnormalities, 
which are quite specific, can be seen in ICA, VA, and basilar 
artery dissections. However, for the smaller intracranial vessels, 
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Figure 60.10 Bolus contrast enhanced MRA (a) and CT angiography (b) in ICAD 
showing kinking (a right and b), flame shaped occlusion (a, left), and dissecting 
aneurysm (a and b) in various combinations. 


the diagnostic role of MRI and MRA remains limited, and the 
diagnosis of these dissections still remains a challenge. In vessel 
segments with a more tortuous course, such as the V3 and intracra¬ 
nial segments, flow-related artifacts may imitate mural hematoma 
(Mascalchi et al., 1997). Furthermore, the mural hematoma may 
be isointense to the surrounding tissue in the very early phase of 
CAD. 

Also in tCAD MRI is the method of choice; however, new CT- 
angiographic techniques may well allow detection of vessel com¬ 
promise in trauma patients (Bok and Peter, 1996). 

CT and CT angiography 

High resolution, multichannel thin slice CT and CT angiography 
have shown promising results in visualization of vessel stenoses or 
occlusion and vessel diameter extension (Figures 60.10 and 60.14) 
as well as associated vessel tortuosities (Nunez etal., 2004). How¬ 
ever, direct imaging of mural hematoma is limited. The exam¬ 
ination times are shorter than those of MRI; however, CT uses 
radiation and potentially nephrotoxic contrast agents (Yang etal., 
2005). 

Ultrasound 

Doppler combined with color duplex imaging is a simple, widely 
available, and noninvasive technique; however, it needs substan¬ 
tial experience of the examiner. Morphologic and hemodynamic 
sonographic criteria should be assessed in combination. In skilled 
hands, sensitivity is high (96%) for ICAD diagnosis in patients 
with arterial stenoses and/or carotid territory ischemia (Benninger 
etal., 2006; Steinke etal., 1994; Sturzenegger, 1991; Sturzenegger 
ef al., 1995). Typical findings are high resistance flow profile in the 
proximal ICA (because of distal stenoses or pseudo-occlusion), 
tapering stenoses distal to the bifurcation, stenoses in the high 
cervical retromandibular ICA segment, double lumen, intimalflap, 
low-density intramural hematoma (2-6 cm distal above the bifur¬ 
cation) , and absence of atherosclerotic wall changes (Figure 60.15). 
There are, however, pitfalls (especially in FMD patients), and sen¬ 
sitivity is only 71% in sCAD with only local symptoms (Baumgart¬ 
ner et al., 2001). Therefore, confirmation with MRI /MRA is also 
considered mandatory regarding treatment and secondary pro¬ 
phylaxis. Sensitivity of ultrasound is much lower because of much 
less specific findings in cases of VAD (Sturzenegger etal., 1993) or 
intracranial dissections. 

Ultrasound is useful in monitoring the evolution and resolu¬ 
tion of ICAD, e.g. to guide duration of anticoagulant therapy 
(Sturzenegger, 1995; Sturzenegger et al., 1995; Treiman etal., 1996). 

Genetic testing 

Although many aspects point to a genetically based anomaly of 
extracellular matrix components as a potential underlying cause 
(Table 60.1), despite many efforts, the candidate gene approach 
has not yet led to the identification of genes that are involved in the 
pathogenesis of CAD (Wiest etal., 2006). Pedigree studies indicate 
locus heterogeneity for the connective tissue phenotype of CAD 
patients. 
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Figure 60.11 Findings on conventional angiography in ICAD patients: 
a) irregular luminal narrowing and kinking; b) pseudo-oclusion with abrupt 
luminal reconstitution at skull base; c) irregular high grade stenosis; 
d) flame-shaped occlusion. 



Tissue biopsies 

Two studies have provided some evidence for underlying and/or 
predisposing systemic connective tissue disorder or arteriopathy 
in sCAD: 

1. Connective tissue abnormalities in dermal biopsies found on 
electron microscopy in 36 of 65 CAD patients and also in family 
members without CAD showed abnormalities of collagen fibrils 
and elastic fibers (fragmentation, calcification) (Brandt et al. t 
1998, 2001) 

2. So-called segmental mediolytic arteriopathy (microbleeds at 
the tunica media-adventitia junction) and altered smooth mus¬ 
cle cells (vacuolated, synthetic phenotype) were found in nine 
patients with sCAD in a superior temporal artery branch biopsy 
(Volker etal., 2005) 

These findings are, however, not specific and have not yet been 
reproduced by other groups. 

Neither genetic testing nor tissue biopsies are part of the routine 
evaluation of CAD patients. 

Treatment of cervico-cephalic dissections 

Acute treatment 

Thrombolysis 

In acute CAD with severe cerebral ischemia, thrombolysis is a 
therapeutic option. CAD was not a contraindication in the large 
randomized intravenous thrombolysis trials (National Institute of 
Neurological Disorders and Stroke [NINDS], Second European- 
Australasian Acute Stroke Study [ECASSII]). However, the number 
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Figure 60.12 Findings on conventional (a and b) and bolus contrast enhanced MR (c and d) angiography in VAD patients. There is an irregular usually long distance 
vessel stenosis (a to d). There may also be a pseudo-aneurysm (a). 


of CAD patients included in these trials is unknown. Recent case 
series of CAD patients treated with intravenous or intra-arterial 
thrombolysis suggest that efficacy and complication rates may be 
similar to those in other stroke patients, and a rupture of the dis¬ 
sected vessel because of thrombolysis has not been reported to 
date (Arnold etal., 2002; Derex etal., 2001; Georgiadis etal., 2006). 
However, it remains unclear whether thrombolysis might enlarge 
the wall hematoma because such cases have not been described 
so far. 


Vasoactive drugs and endovascular treatment 

When hemodynamic ischemia is suspected based on perfu¬ 
sion MRI or transcranial ultrasound, patients are left recum¬ 
bent (Biousse et al., 1995). Rarely, hemodynamic impairment 
leads to clinical deterioration that may be prevented by the 
administration of vasoactive drugs or endovascular treatment. 
Balloon dilatation and stenting has been successfully used 
in such patients with progressive stoke symptoms despite an 
optimal conventional treatment (Cohen et al., 2003, 2005). 
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Figure 60.13 (a and b) MRI findings in VAD. 


Secondary prevention 

Antithrombotic treatment 

To date, there are no randomized controlled trials comparing 
anticoagulant drugs with aspirin for the prevention of stroke in 
patients with CAD. Several attempts to perform such a study failed 
because most physicians familiar with CAD would not agree to 
have their patients randomized to the aspirin arm and because 
a very large study would be necessary to show a difference given 
the low rate of stroke recurrence under both treatments (Beletsky 
et al., 2003; Bounds, 1999). There is a general consensus in the 
stroke community that either heparin followed by warfarin or 
aspirin should be administered for at least 3-6 months following 
extracranial CAD (Bounds, 1999; Lee et al., 2006). A recent meta¬ 
analysis showed no difference in death or disability between anti¬ 
coagulant and antiplatelet therapy (Lyrer and Engelter, 2004). This 
meta-analysis is limited by its small sample size (n = 178 for the 
analysis of death or disability), inclusion of several very small case 
series, different diagnostic criteria, variable follow-up periods, and 
by the fact thatmany data (includingbaseline National Institutes of 
Health Stroke Scale [NIHSS] score, as well as causes of death) were 
not available. For these reasons, it remains under debate whether 
anticoagulants or aspirin should be used as first-line agents, and 
a prospective randomized trial is suggested (Beletsky et al., 2003; 
Bounds, 1999). 

The usual treatment of extracranial CAD without intracranial 
extension at our stroke center consists of intravenous heparin 
followed by oral warfarin (target international normalized ratio 
[INR] 2.0-3.0) for a period of 3-6 months. This preference for anti¬ 
coagulation in the early phase of extracranial CAD is based on 
pathophysiological arguments and clinical experience. Transcra- 
nial ultrasound studies showed frequent microemboli in the MCA 
in up to 59% of patients with ICAD (Droste etal., 2001; Koennecke 
ef al., 1997; Molina etal., 2000). These microembolic signals were 
reduced by the administration of intravenous heparin (Srinivasan 
et al., 1996). In addition, analyzing the stroke pattern on brain 
MRI and CT, several studies showed that most of the infarcts are 
attributable to embolism (Benninger ef al., 2004; Lucas etal., 1998; 
Pelkonen etal., 2003; Steinke etal., 1996). Furthermore, it is rare to 
see a patient with CAD have a stroke after anticoagulant treatment 
has been started. However, increased risk of intracranial bleed¬ 
ing or potential extension of the mural hematoma theoretically 
may offset the benefits of the anticoagulant treatment. Therefore, 
we do not anticoagulate patients with large brain infarcts or with 
intracranial extension of CAD. An extension of mural hematoma 
under anticoagulant treatment has been assumed to be the cause 
of delayed ICA occlusion in rare cases and was associated with 
higher activated partial thromboplastin time (aPPT) ratios (over¬ 
anticoagulation) (Dreier etal., 2004). 

In the case of intracranial vessel dissection or extension of 
the dissection to the intracranial vessel segments, which mainly 
occurs in VAD, we avoid anticoagulant agents because of the dan¬ 
ger of SAH (Gamier etal., 2004). Curiously, SAH as a consequence 
of VAD has been reported predominantly from Asian medical cen¬ 
ters and only rarely from Europe or the United States. 


447 






Uncommon Causes of Stroke 



Figure 60.14 For skilled eyes typical findings of ICAD can be seen on most CT scans. Without contrast (a and b) the hematoma is usually ring-shaped hyperintense; 
with contrast (c and d) there is absent luminal contrast filling or a stenosis. Compare with the contra-lateral side, b) and d) are magnifications of a) and c). 


After 6 months, we either stop antithrombotic treatment (if the 
artery has completely normalized on ultrasound or MRA) or we 
switch to aspirin 100 mg daily for long-term prevention (when 
there is persistent residual stenosis, occlusion or aneurysm, or an 
underlying arterial disease such as FMD). 

Endovascular treatment and surgery 

ICAD have a favorable long-term prognosis with low rates of recur¬ 
rent dissection or recurrent stroke. The stroke recurrence rate is 
less than 1% per year irrespective of the persistence of severe 
stenoses or occlusion of the dissected artery (Baumgartner et al., 
2001). Aneurysms following ICAD have a favorable long-term 
prognosis with a very low risk of ischemic stroke or rupture (Guil- 
lon, 2001; Guillon et al., 1999). These results suggest that endovas¬ 
cular or surgical treatment of a persisting stenosis or aneurysm 
should only be considered in the rare cases with recurrent ischemic 


symptoms in the vascular territory supplied by the dissected artery 
despite antithrombotic treatment. 

Prognosis 


Outcome 

For extracranial ICAD and VAD, the prognosis is typically 
good and is essentially defined by the occurrence, extent, and 
location of stroke. CAD causing severe stenosis or occlusion are 
more likely to lead to brain ischemia than are those without lumi¬ 
nal narrowing (Baumgartner et al., 2001). CAD patients with an 
occlusion have more severe large MCA territory infarcts with a 
definitely worse outcome, probably because of poor function¬ 
ing collateral pathways (Milhaud et al., 2002). Tertiary referral 
series report a higher frequency of serious outcomes (16%—37% 
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Figure 60.15 Ultrasound in ICAD. Usually there are no signs of atherosclerosis. 
There may be an intimal flap (a), a hypodense mural hematoma (a), a tapering 
stenosis with a high resistance flow profile (b, upper row), or a stenosis in the 
upper cervical ICA segment (b lower row). See color plate. 


severe persisting deficits) (Stapf et al., 2000), whereas in a 
population-based study of 48 CAD patients, good outcome 
(defined as modified Rankin score of 0-2) was seen in 92% (Lee 
et al., 2006). Considering the broad spectrum of clinical presen¬ 
tation, including asymptomatic and monosymptomatic or min¬ 
imally symptomatic cases, the overall mortality rate is less than 
5%. Around three-fourths of the patients have complete or excel¬ 
lent recoveries, and less than 5% are left with marked neurolog¬ 
ical deficits (Biousse et al., 1995; Hart and Easton, 1983; Leys 
and Debette, 2006). Considering ICAD patients presenting with 
stroke, after 1 year mean Rankin Scale score is 0.9 ± 1.2, with 
about 20% having disabling strokes (Rankin Scale score 3-5) 
(Kremer ef al., 2003). Angiographically on follow-up, 75%-90% of 
the stenoses either improve or completely resolve (Steinke et al, 
1994; Treiman et al., 1996), most dissecting aneurysms decrease 
in size or resolve (Djouhri et al, 2000; Guillon et al., 1999), and 
10%-70% of (pseudo)occlusions recanalize (Kremer et al., 2003; 
Pelkonen et al., 2003). 

Outcome was favorable in 88 of 107 (82%) patients with VAD 
and ischemic stroke, and mortality was 2%. Low baseline N1HSS 
score and younger age were independent predictors of a favorable 
outcome (Arnold ef al., 2006). 

The outcome for tCAD is usually less favorable than for the 
spontaneous ones: stroke is almost the rule, and cerebral deficits 
are usually more severe; pseudoaneurysm are more frequent, and 
fewer aneurysms resolve or become smaller; and fewer stenoses 
resolve or improve whereas more stenoses tend to progress to 
occlusion. Traumatic internal carotid artery dissection (tlCAD) 
and also tVAD have higher mortality rates and are more likely to 
leave patients with neurological deficits (Martin etal., 1991; Mokri, 
1990; Schellinger etal., 2001). 

According to certainly biased data from the literature, intracra¬ 
nial dissections carry a significantly less favorable prognosis than 
do extracranial dissections, with higher rates of mortality and mor¬ 
bidity (Chaves et al., 2002). It seems that intracranial dissections 
carry a high risk of developing pseudoaneurysms and of SAH. 
Mortality of intracranial dissections in a pediatric age group (pre¬ 
dominantly affected by this location) was 51% (Fullerton et al, 
2001). This may, however, reflect a bias towards reporting cases 
with histopathologic diagnosis and the known difficulties making 
an antemortem diagnosis. 


Recurrence 


Dissection 

Recurrence of dissection is a rare phenomenon, is reported in ter¬ 
tiary referral series (Schievinkef al., 1994; Touze etal., 2003), but is 
not found in a population-based study during an 8-year follow-up 
(Lee et al., 2006). Redissection usually does not occur in a previ¬ 
ously dissected and healed cervical artery but rather in another 
cervical artery or in the renal arteries of the same patient (Bassetti 
etal., 1996; Lee etal, 2006). 

For vertebral and extracranial ICAD, the rate of recurrence has 
been studied (Schievink et al., 1994; Touze et al., 2003). The risk 
of recurrence was small and maximal for the first month (2%), 
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and subsequently much lower (1% per year for all age groups) 
(Schievink ef al., 1994). The 10-year rate of recurrence for all age 
groups was 12%; for patients younger than 45 years (the mean age 
of the cohort) the rate was 17%, and for those older than 45 years 
it was only 6%. In a multicenter French study, among 432 CAD 
patients there was a 0.9% recurrence rate during a mean follow-up 
of 31 months (Touze et al., 2003). Recurrent dissections are likely 
more frequent in patients who have underlying arterial disease 
(Schievink etal., 1996). 

Stroke 

The risk of having a (recurrent) stroke or TIA after having suffered 
a CAD in general is very low (Kremer et al. , 2003; Touze etal., 2003). 
In a 1 year follow-up, annual rates for recurrent ischemic stroke in 
the territory of the dissected ICA and for any stroke were similarly 
low in patients with permanent (0.7% and 1.4%) and transient 
(0.3% and 0.6%) stenosis or occlusion of ICA (Kremer etal., 2003). 
Thus, stroke recurrence rate was not significantly associated with 
persistence of ICA stenosis or occlusion (Kremer et al., 2003). In 
another retrospective series, among 432 survivors of CAD, 0.9% 
had a recurrent stroke and 1.8% a TIA during a mean follow-up 
of 31 months, giving an incidence for stroke of 0.3% per year and 
of TIA of 0.6% per year (Touze etal., 2003). Low stroke recurrence 
rates are confirmed by other studies (Bassetti etal., 1996; Treiman 
et al., 1996), and only one study reported an unexpectedly high 
event rate of 10.4% in 105 CAD patients followed for 10 months 
(Beletsky etal., 2003). 

Persistent aneurysm 

Dissecting aneurysms due to CAD are reported in 12%-49% (Lee 
etal., 2006; Ozdoba etal., 1996; Pelkonen etal., 2003; Touze etal., 
2001,2003). Several studies show that these aneurysms frequently 
persist but that the patients carry a very low risk of stroke or 
any other complication (Mokri, 1990). Among 55 patients with 68 
aneurysms and a clinical and radiological follow-up of >3 years, 
no patient had signs of cerebral ischemia, local compression, or 
rupture. Fifty-eight percent of the aneurysms were unchanged, 
25% had disappeared, 17% had decreased in size, and none had 
increased (Djouhri etal., 2000; Touze et al., 2001). Surgical treat¬ 
ment has a high local and remote complication rate (Muller 
etal., 2000). In the acute stage of traumatic and spontaneous CAD, 
stenting may restore a hemodynamically critical brain perfusion in 
selected cases (Cohen etal., 2003; Cohen etal., 2003). However, in 
patients with persistent pseudoaneurysm after tICAD, stent place¬ 
ment bears an increased risk of local and remote complications 
compared to antiplatelet treatment alone (Cothren et al., 2005). 
Therefore, medical management with antiplatelet therapy is suffi¬ 
cient in most patients, and surgical or endovascular management 
is not indicated (Guillon etal., 1999). 
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CEREBRAL AMYLOID ANGIOPATHIES 

Charlotte Cordonnier and Didier Leys 


The term “amyloid” describes deposits of proteins sharing specific 
physical characteristics: -pleated sheet configuration, apple green 
birefringence under polarized light after Congo red staining, fib¬ 
rillary structure, and insolubility in water (Castano and Frangione, 
1988; Glenner, 1980a, b). Amyloid proteins are fluorescent under 
ultraviolet light after thioflavin S or T stains (Stokes and Trickey, 
1973). The amyloid properties, depending on the physical configu¬ 
ration of the protein and the biochemical characteristics (Glenner, 
1980a, b), are used to classify cerebral amyloid angiopathies (CAA) 
(Table 61.1). 

In this chapter, we will not consider amyloid deposition asso¬ 
ciated with vascular malformations, radiation necrosis, angiitis, 
plasmocytomas, and pseudotumoral amyloid lesions called amy- 
loidomas. 

Common features in CAA 

CAA are defined by the deposition of amyloid proteins in the wall 
of the cerebral vessels (Glenner, 1980a, b). The clinical presen¬ 
tation ranges from asymptomatic deposition in normal vessels, 
to a severe involvement of the wall of cerebral vessels leading 
to intracerebral hemorrhages (ICHs) or brain ischemia (Mandy- 
bur, 1986; Vonsattel etal., 1991). CAA are frequent but underdiag¬ 
nosed causes of lobar ICff. They also contribute to the pathogen¬ 
esis of leukoencephalopathies (Greenberg et al., 1993), but often 
remain undiagnosed in the absence of a neuropathological exam¬ 
ination (Greenberg, 1998). Dementia is frequent in patients with 
CAA because of the association of brain infarcts and hemorrhages, 
leukoencephalopathies, and sometimes Alzheimer’s pathology 
(Pasquier and Leys, 1997). 

An overproduction or an abnormal degradation of circulating 
precursor proteins causes most CAA. A genetic abnormality lead¬ 
ing to the production of variant precursor proteins is possible 
(Stone, 1990). A tissue or organ affinity often exists for each amyloid 
protein. Immunocytochemical studies are crucial to characterize 
the type of amyloid. The two types of cerebral amyloid deposi¬ 
tion most frequently associated with CAA are amyloid-p (A(3) and 
cystatin C. 

Hereditary cases of CAA have a dominant autosomal trans¬ 
mission and have been reported in very few families. However, 
they play a crucial role in our knowledge of sporadic cases, 
and they may serve as a model for diagnostic and therapeutic 
purposes. 


Classification of CAA 


A|J CAA 

Ap is responsible for the most frequent type of CAA (Glenner and 
Wong, 1984). The peptide deposited in the arterial wall was for¬ 
merly called amyloid peptide, then A-4 or PA4, and finally Ap. Ap 
is the 40- to 43-amino-acid proteolysis product of a large precur¬ 
sor, the amyloid p-protein precursor (APP), with features of a cell 
surface receptor (Kang etal., 1987). APP has several isoforms gen¬ 
erated by alternative splicing from a single gene located on chro¬ 
mosome 21. The prominent transcripts are APP695, APP751, and 
APP770. They differ in that APP751 and APP770 contain exon 7, 
which encodes a Kunitz serine protease inhibitor domain. APP695 
is the prominent form in neuronal tissue, whereas APP751 is the 
prominent variant in other tissues. Protease nexin-II, a protease 
inhibitor synthesized and secreted by various cultured extravas- 
cular cells, is identical to APP751 (Van Nostrand etal., 1989). This 
angiopathy is limited to the cerebral vessels and has been reported 
in various clinical conditions. Ap deposits are found in the walls 
of cerebral vessels of patients with sporadic CAA (the most fre¬ 
quent type of CAA), hereditary ICH with amyloidosis Dutch type 
(HCHWA-D) or other hereditary conditions, Alzheimer's disease 
(AD), and Down syndrome. Despite similarities between the vas¬ 
cular amyloid and the Ap in the cerebral extracellular amyloid 
deposits (senile plaques) of AD, some features distinguish Ap in 
CAA, especially the prominence of the Ap species ending at amino 
acid position 39-40 (Alonzo etal., 1998; Suzuki etal, 1994) and the 
tendency of particular mutant forms of Ap to accumulate preferen¬ 
tially in vessels (Hendriks et al., 1992). Cystatin C colocalizes with 
Ap in the wall of cerebral vessels of patients with AD, HCHWA-D, 
and sporadic CAA, but not in senile plaques (Nagai etal., 1998). 

Sporadic Ap CAA 

Epidemiology Most Ap CAA are sporadic, and are found at 
autopsy in normal elderly subjects, or in patients with AD or Down 
syndrome (Vinters, 1992). They have also been reported in demen¬ 
tia pugilistica, and postanoxic encephalopathies (Salama et al., 
1986). 

Depending on selection criteria of patients, and on staining 
methods, the prevalence of sporadic CAA largely varies between 
studies, but all studies suggest that CAA is common in the elderly. 
In population-based studies, the annual incidence rate of lobar 
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fable 61.1 Classification of CAA 


A|3CAA 

Sporadic Ap CAA 
Hereditary Ap CAA 

Hereditary cerebral hemorrhages with amyloidosis (Dutch type; 

HCHWA-D) 

Flemish type 
Italian type 
Iowa type 

Other familial CAA with APP-gene mutations 
Familial AD with CAA 

Hereditary cystatin C CAA (Icelandic type; HCAAA-I) 

Gelsolin-related amyloidosis (familial amyloidosis, Finnish type; AGel 
amyloidosis) 

Transthyretin CAA (familial oculoleptomeningeal amyloidosis) 

PrPCAA 

Amyloid angiopathies of undetermined biochemical nature with 
mutation of the gene BRI 
British type (so-called “Worster-Drought type”) 

Danish type 

Amyloid angiopathies of undetermined biochemical nature without 
mutation of the gene BRI 

APP = amyloid protein precursor; AD = Alzheimer’s disease; AGel amy¬ 
loidosis = Gelsolin amyloidosis; PRP = prion protein. 

hemorrhages range from 30 to 40 per 100 000 persons older than 
70 years (Broderick et al., 1993; Schulz et al., 1990). CAA accounts 
for approximately one-third of them (Broderick et al., 1993; Schutz 
et al., 1990). The question of the clinical impact of CAA and the risk 
of bleeding in patients under antithrombotic therapies remains 
unsettled. In a general hospital, 30% of autopsied patients older 
than 80 years had amyloid deposits in their cerebral vessels. The 
prevalence of A(3 CAA is higher in women (Wildi and Dago-Akribi, 
1968), and increases with age: 2.3% between 65 and 74 years old 
(Greenberg and Hyman, 1997), 12.1% older than 85 years (Green¬ 
berg and Hyman, 1997), and up to 75% older than 90years (Yamada 
et al., 1987). In AD patients, the prevalence of CAA at autopsy 
ranges from 25% to 100% (Glenner et al, 1981; Greenberg and 
Hyman, 1997; Vonsattel et al., 1991), 5.1% of AD patients having 
CAA-related ICH (Greenberg and Hyman, 1997). In Down syn¬ 
drome, CAA is rare before 40 years of age. 

In an autopsy sample of 211 Japanese-American men from the 
population-based Honolulu-Asia Aging Study, 44.1% had CAA in 
at least one neocortical area (Pfeifer et al., 2002). The presence of 
CAA was associated with higher mean neurofibrillary tangles and 
neuritic plaques counts and having at least one apolipoprotein E 
(APOE) e4 allele (Pfeifer ef al., 2002). 

Neuropathology Afi CAA involve small- and medium-sized arter¬ 
ies and veins of the cortex, leptomeninges, and (in severe cases) 
cortical capillaries. The deposits involve the external layers of 
the vessels. Progressively, the arterial walls appear eosinophilic 
and thickened, whereas muscle cells disappear. The lumen may 


be reduced or occluded. All cerebral vessels can be affected, but 
spinal cord vessels are spared. Surprisingly, the hippocampal ves¬ 
sels are rarely involved. Cystatin C is sometimes found to colocal¬ 
ize with Ap, and immunoreactivity can be present in white matter 
vessels (Wang et al., 1997) and to indicate a higher risk of CAA- 
associated ICH (Izumihara et al., 2001). 

Besides amyloid deposits, nonspecific changes are associated in 
two-thirds of patients (Vonsattel et al., 1991). They are similar to 
vascular changes seen in chronic arterial hypertension, including 
fibrinoid necrosis and microaneurysms. The severity of the amy¬ 
loid deposition and the presence of fibrinoid necrosis are con¬ 
sistently related to ICH (Vonsattel et al., 1991). Another possibly 
associated vessel lesion is vasculitis (Masson et al., 1998). Their 
cause remains unsettled, but a chronic inflammatory process lead¬ 
ing to amyloid deposition is plausible. Conversely, amyloid may 
also be the causative agent of vasculitis (Yamada et al., 1996). 
CAA may be associated with brain lesions such as senile plaques, 
dystrophic neurites, and neurofibrillary tangles, i.e. abnormali¬ 
ties ofthe phosphorylation ofT proteins (Buee etal., 1994).These 
vascular amyloid deposits may play a role in the constitution of 
senile plaques. Whether a continuum exists between CAA and AD 
remains unsettled. 

Clinical features We know only the clinical presentation of 
patients who were autopsied or operated on for an ICH. If a biolog¬ 
ical marker of CAA becomes available in routine medical practice, 
the clinical spectrum of CAA will probably change. 

1. Most sporadic CAA are silent and are just coincidental findings 
at autopsy 

2. Recurrent ICH is the most frequent feature of CAA. Although no 
reliable statistics are available, CAA may account for 4-17% of 
all ICH and even more in very old patients. Because of the possi¬ 
ble coexistence of arterial hypertension, ICH cannot always be 
attributed with certainty to CAA. ICHs associated with sporadic 
CAA do not occur before 55 years. They are lobar in location and 
more frequent in temporal and occipital lobes areas. Cerebellar 
and pontine hemorrhages are rare. The clinical presentation is 
not specific, but headache, seizures, and recurrences (Cosgrove 
et al., 1985) are frequent. In a few autopsied patients, the pri¬ 
mary hemorrhage caused by CAA occurred in the subarachnoid 
space and then spread to the brain parenchyma (Takeda et al., 
2003). CAA may play a major role in the pathogenesis of ICH 
even in patients with more obvious risk factors (Ritter et al., 
2005) 

3. Cerebral ischemia may be more frequent than ICH. It usually 
consists of multiple, nonhemorrhagic, small, cortical infarcts, 
that are sometimes silent or revealed by transient neurological 
deficits (Greenberg et al., 1993). However, transient episodes 
may also be because of epileptic seizures in patients with small 
hemorrhages. 

4. Dementia is frequent in CAA. Three types of dementia may 
occur (Pasquier and Leys, 1997): (i) vascular dementia because 
of the coexistence of multiple infarcts and hemorrhages and 
leukoencephalopathy; (ii) AD; and (iii) dementia because ofthe 
coexistence of stroke, AD, and leukoencephalopathy. Cases of 
dementia of rapid onset and course have been reported, either 
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isolated (Probst and Ulrich, 1985) or in association with angiitis 
of the nervous system (Masson et al. } 1998; Probst and Ulrich, 
1985; Scolding et al., 2005). The presence of CAA significantly 
influences the neuropsychological status (Pfeifer et al., 2002). 
CAA may, therefore, contribute to the clinical presentation of 
dementia by interacting with other neuronal pathologies, lead¬ 
ing to more severe cognitive impairment in men with both CAA 
and AD compared with men with only AD or CAA (Pfeifer et al., 
2002 ) 

5. Reversible acute leukoencephalopathies associated with CAA 
have been reported (Masson ef al., 1998; Oh ef al., 2004; Probst 
and Ulrich, 1985; Sarazin etal., 2002; Scolding etal., 2005): they 
are characterized by a rapid progression of neurologic symp¬ 
toms followed by dramatic clinical and radiological improve¬ 
ment. Pathologically, CAA is associated with varying degrees 
of inflammation (Oh et al., 2004). In the appropriate clinical 
context, the MRI findings of lobar white matter edema with evi¬ 
dence of prior hemosiderin deposition may indicate the pres¬ 
ence of a reversible CAAleukoencephalopathy (Oh etal., 2004) 

Genetics While the e4 allele of APOE has been identified as a risk 
factor for AD by promoting the aggregation and deposition of Ap 
amyloid within the cerebral cortex (Strittmatter etal., 1993), APOE 
e2 might play a major role in facilitating the deposition of Ap amy¬ 
loid in cerebral blood vessels. This may lead to amyloid angiopa¬ 
thy and ICH (Greenberg and Hyman, 1997). A study conducted 
in 33 patients with sporadic Ap CAA did not identify any muta¬ 
tion in the cystatin C gene (McCarron et al., 2000). However, it 
has been shown that the cystatin C gene is associated with an 
increased risk of late-onset AD, and is the first gene with a reces¬ 
sive expression found as predisposing to AD (Finckh et al., 2000). 
Several gene polymorphisms have been reported to be associated 
with sporadic CAA or CAA-related ICH, including APOE, presenilin 
1 (PS1), and al-antichymotrypsin (ACT). Yamada (2004) investi¬ 
gated whether gene polymorphisms of neprilysin (NEP), an A|3- 
degrading enzyme, and the transforming growth factor pi (TGF- 
pi), a multifunctional cytokine implicated in Ap deposition, are 
associated with sporadic CAA: concerning a GT repeat polymor¬ 
phism in the enhancer/promoter region of NEP, the shorter repeat 
alleles were associated with CAA severity; the T/C polymorphism 
at codon 10 in exon 1 of TGF-p 1 was also associated with the sever¬ 
ity of CAA (Hamaguchi et al., 2005; Yamada, 2004), especially in 
non-AD patients and in APOE non-e4 carriers (Hamaguchi et al., 
2005). These data suggest that multiple gene polymorphisms could 
be associated with the risk of sporadic CAA (Yamada, 2004). 

Diagnosis 

• Radiological findings have no specificity. The most useful radi¬ 
ological technique to approach a diagnosis of CAA is MRI with 
gradient-echo sequences that are sensitive to hemorrhages. The 
major arguments supporting the diagnosis of CAA are: 

° Lobar location of the ICH, sparing the basal ganglia, thalamus, 
and pons; 

° Presence of one or more previous ICH, as reported in three- 
quarters of CAA-related ICH (Greenberg, 1998). In addition, 
gradient-echo MRI may show the disease's progression with 


new ICH (Hendriks et al., 1992). In patients with probable 
CAA-related ICH, hemorrhagic lesions are located preferen¬ 
tially in the temporal and occipital lobes, and within individu¬ 
als, ICH tend to cluster, regardless of lobe (Rosand etal., 2005). 
Among subjects followed prospectively for recurrence, clus¬ 
tering of new symptomatic and asymptomatic hemorrhages 
was observed (Rosand et al., 2005). These data suggest that 
regional differences within the brain play a role in the devel¬ 
opment of CAA-related ICH (Rosand etal., 2005). 

° Presence of leukoencephalopathies: they may be isolated, 
or associated with ICH or cerebral infarcts. Most leukoen¬ 
cephalopathies are not severe (Gray ef al., 1985). They have no 
specificity. They may occur in the absence of arterial hyper¬ 
tension. Hypoperfusion of the white matter supplied by long 
perforating arteries originating in leptomeningeal arteries 
involved by the CAA is the most likely mechanism (Gray etal., 
1985). In rare cases, leukoencephalopathies may have a clin¬ 
ical and a radiological presentation suggesting a tumor: such 
cases may require a brain biopsy and may improve under 
corticosteroid therapy (Greenberg et al., 1993). Recent stud¬ 
ies suggest a role for circulating Afj peptides in leukoen¬ 
cephalopathies (van Dijk et al., 2004): although soluble A(3 
is present in blood and cerebrospinal fluid (CSF) of normal 
subjects, its toxicity on the blood vessels wall has been found 
in vitro (Thomas et al., 1996). Gurol et al. (2006) performed 
a cross-sectional study of clinical, biochemical, and genetic 
factors associated with leukoencephalopathy in patients with 
either AD or mild cognitive impairment (AD/MCI) and in an 
independent group of patients with CAA. Biochemical mea¬ 
surements included plasma concentrations of the 40- and 42- 
amino-acid species of Ap (Ap40 and Ap42). PlasmaAp40 con¬ 
centrations were associated with leukoencephalopathies in 
both groups after adjustment for age, hypertension, diabetes, 
homocysteine, creatinine, folate, vitamin B12, and APOE 
genotype (Gurol et al., 2006). The presence of lacunar infarc¬ 
tions was also associated with increased Ap40, but not Ap42, in 
both groups (Gurol ef al., 2006). If these data are confirmed by 
longitudinal cohort studies, this would mean that circulating 
Ap40 peptide is either a biomarker or a risk factor for microvas- 
cular damage in AD/MCI patients and in CAA patients. How 
Ap40 relates to leukoencephalopathy is not clear. The main 
hypotheses are that: (i) serum Ap40 levels reflect the severity 
of CAA, and therefore of leukoencephalopathy; and (ii) Ap40 
has a direct effect on the vasoreactivity of deep perforating 
arteries (Lee and Markus, 2006). Other studies are needed to 
determine whether Ap40 is the cause of leukoencephalop¬ 
athy. 

° Presence of microbleeds described as small, rounded areas 
of marked and homogeneous signal loss on gradient-echo 
sequences (Koennecke, 2006). Their size is usually defined as 
smaller than 5 or 10 mm (according to criteria used), and they 
can be found throughout the brain. Whereas the prevalence 
in healthy populations is around 5% (Horita etal., 2003; Jeer- 
akathil et al., 2004; Roob et al., 1999; Tsushima et al., 2002), 
it is 69% in the HCHWA-D type (Van Den Boom et al., 2005). 
It has also been studied in patients older than 55 years with 
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Figure 61.1 Patient with recurrent cortical ICH (left) and multiple microbleeds 
(right) in a case of sporadic Ap amyloid angiopathy. 


not useful for diagnostic purposes in the absence of a familial 
history. 

• Neuropathological examination in patients operated on for ICH 
is the only way to make a diagnosis of CAA (Masson et al., 1998; 
Probst and Ulrich, 1985), but it cannot be considered as a rou¬ 
tine procedure. The frequency of ICH because of brain biopsy 
in patients with sporadic CAA reduces the number of indica¬ 
tions to a very small number of patients. A biopsy is, however, 
useful in pseudotumoralleukoencephalopathies and in patients 
in whom an associated angiitis is suggested by the clinical and 
laboratory bndings (Masson etal., 1998). 

Hereditary Ap CAA HCHWA-D HCHWA-D is an autosomal dom¬ 
inant disease characterized by recurrent ICH occurring during the 
4th and 5th decades (Haan et al., 1989; Luyendijk et al., 1988; 
Wattendorff efaZ., 1982). 


primary lobar ICH (Greenberg etal., 1996,1999, 2004; Walker 
et al., 2004). In a group of 15 patients older than 60 years who 
had a lobar ICH, 12 (80%) had microbleeds, and 9 of these 12 
microbleeds (60%) were restricted to the cortico-subcortical 
region, suggestive ofprobable CAA (Greenbergef al., 1996). To 
date, microbleeds are not validated as diagnostic criteria for 
CAA. The Boston criteria (Knudsen et al., 2001) for probable 
CAA do not mention microbleeds. Although some data sug¬ 
gest that, in CAA, microbleeds are more likely to be cortical, 
there is not enough evidence to conclude that patients with 
cortical microbleeds are likely to have CAA. Walker etal. (2004) 
studied 97 patients older than 70 years who underwent MRI 
for various clinical reasons. Fifteen patients presented with 
microbleeds, defined as small lesions of 2-5 mm restricted 
to lobar-cortical distributions. Among those 15 patients, only 
two patients (one of whom had biopsy proven CAA) had a his¬ 
tory of suspected CAA, even though four did have dementia. 
Greenberg et al. (2004) tried to determine whether hemor¬ 
rhages detected at the time of lobar ICH predict the major 
clinical complications of CAA: recurrent ICH or decline in 
cognition and function. New microbleeds appeared in 17 of 
34 patients older than 55 years followed-up after a primary 
lobar ICH, and predicted increased risk of subsequent symp¬ 
tomatic ICH (3-year cumulative risks 19%, 42%, and 67% for 
subjects with 0, 1-3, or >4 new microbleeds; p =.02) but not 
subsequent clinical decline. Microbleeds may reflect the same 
underlying pathological process as symptomatic ICH. There¬ 
fore, if confirmed, the presence of microbleeds could be used 
as a surrogate marker to study the impact of treatment on 
the progression of the disease. An example of microbleeds is 
provided in Figure 61.1. 

CSF abnormalities are not specific. A decreased level in the CSF 
of protease nexin-II (the secreted form of APP751), APOE, and 
cystatin C have been reported in some patients (Vinters et al., 
1994). The contribution of CSF abnormalities to the diagnosis 
of CAA in patients with ICH has not been determined and CSF 
abnormalities cannot be regarded as useful diagnostic tools. 
Genetic mutations reported in familial cases of CAA are not 
present in patients with sporadic CAA. Therefore, genetics is 


Epidemiology This rare disorder has been reported in four unre¬ 
lated Dutch families originating from Schewingen (Wattendorff 
etal., 1982) andKatwijk(Luyendijkefa/., 1988), two cities located in 
the western part of The Netherlands, close to Rotterdam. Another 
family has been identified in Western Australia, with similar neu¬ 
ropathological and genetic findings (Panegyres etal., 2005). 

Neuropathology Neuropathological findings are similar to those 
of sporadic AD, with the following differences (Durlinger et al., 
1993; Haan et al., 1990; Haan and Roos, 1990; Luyendijk et al., 
1988;Maat-SchiemanefflZ., 1992;Timmers etal., 1990; Wattendorff 
et al., 1982): (i) AD lesions are frequent, with senile plaques but 
only few neurohbrillary tangles; (ii) white matter abnormalities 
occur early in the time course of the disease; (iii) ICHs occur more 
often in posterior areas; and (iv) a severe reduction of the lumen of 
small arteries due to severe hyalinosis and sclerosis of the arterial 
walls is frequent. Dementia appears to be associated with CAA and 
to be independent of the presence of plaques and tangles (Natte 
et al., 2001). Protease nexin-II (the APP751 isoform) may have a 
local anticoagulant effect that may contribute to the pathogenesis 
of spontaneous ICH in HCHWA-D patients (Schmaier etal., 1993), 
and it accumulates in cerebral bloodvessels (Schmaier etal., 1993). 

Clinical features HCHWA-D is characterized by recurrent ICH 
occurring between 40 and 60 years of age (Haan et al., 1989; 
Luyendijk et al., 1988; Wattendorff et al., 1982). Patients who sur¬ 
vive several ICH usually develop a stepwise dementia (Haan etal., 
1990). Progressive dementia without stroke, suggestive of AD, is 
also possible (Haan etal., 1992; Wattendorff etal., 1982). Migraine, 
transient neurological deficits, and epileptic seizures are also fre¬ 
quent. The diagnosis may be difficult in the absence of a clear 
family history. 

Genetics The underlying genetic defect is a point mutation in 
the APP gene located on chromosome 21, leading to an abnormal 
APP (Van Broeckhoven et al., 1990). The gene mutation leads to 
an amino acid modification at codon 693 (glutamic acid to glu¬ 
tamine change) (Bakker et al., 1991; Levy et al., 1990). The APOE 
e4 and e2 alleles (Haan et al., 1995) do not influence the clinical 
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expression of the codon 693 mutation (Hendriks etal., 1992). The 
penetrance of the gene is almost complete (LuyendijkefaZ., 1988). 
Other types of mutations, which differ between families, have been 
identified in the same gene in other disorders leading to demen¬ 
tia, ICH, or familial cases of AD. However, most familial AD cases 
are associated with mutations located in the APP gene (located 
on chromosome 21) on chromosomes 1 and 14 in the PS1 gene 
(where more than 70 mutations have been identified), or on the 
PS2 gene (where 4 mutations are known) (Tandonef a/., 2000). The 
clinical characteristics of familial AD associated with PS1 or PS2 
gene mutations are not influenced by the presence of CAA (Nochlin 
etal., 1998; Yasuda etal., 1997). 

Diagnosis Direct evidence of the gene mutation by molecular 
methods is possible (Bakker etal., 1991). 

Flemish type The disease has been described in a single family 
from The Netherlands, but as the mutation was identified in the 
Belgian city of Antwerp, it was called “Flemish type.” Amyloid con¬ 
sists of Ap, and the disease is the consequence of a mutation in 
the APP gene at codon 692 (Hendriks et al., 1992).This particular 
family - formerly called “Family 1302" - with hereditary CAA, was 
followed-up for 4 generations (Hendriks etal., 1992). Most patients 
had early-onset AD, but several patients also had ICH at around 
40 years of age. The cerebral Ap CAA was identified in a patient 
who underwent surgery for an ICH. This patient also had diffuse 
Ap deposits with only a few senile plaques, and no neurofibrillary 
tangles (Hendriks etal., 1992). The clinical expression differs con¬ 
siderably from that of HCHWA-D. The reason why the prominent 
lesions involve the brain vessels in HCHWA-D and the brain tis¬ 
sue in Family 1302 remains unknown. However, De Jonghe et al. 
(1998) provided evidence that APP692 and APP693 have a differ¬ 
ent effect on Ap secretion as determined by complementary DNA 
(cDNA) transfection experiments. While APP692 upregulates both 
Ap-40 and Ap-42 secretion, APP693 does not. These data corrob¬ 
orate the previous findings that increased Ap secretion, and par¬ 
ticularly increased secretion of Ap-42, is specific for AD pathology 
and extracellular amyloid deposits. Thus, these data further sup¬ 
port that the Flemish type of CAA is closer to familial AD than is 
HCHWA-D. 

Italian type Patients have lobar ICH and dementia. HCHWA-It 
has been reported in two Italian families, as abstracts. Amyloid 
consists of Ap, and, as seen in HCHWA-D, the disease is caused by 
an APP-gene mutation at codon 693, but of a different type. 

Iowa type The most prominent feature is the absence of ICH. The 
clinical presentation consists of a progressive aphasia during the 
sixth and seventh decades, followed by dementia, and on imaging, 
occipital calcifications, infarcts, and white matter changes. The 
mutation is located at APP position 694 (Grabowski etal., 2001). 

Other familial CAA with APP-gene mutation A new mutation 
(L705 V) in the APP gene has been identified in a family with auto¬ 
somal dominant recurrent ICH and neither plaques nor tangles 
(Obici etal., 2005). 


Familial cases of AD with CAA Most autosomal dominant AD 
families have a mutation in the PS1 gene on chromosome 14, 
where more than 100 mutations have been reported (Larner and 
Doran, 2006). A few families have a PS2 mutation on chromosome 
1 (Tandon etal., 2000). A duplication of the APP locus on chromo¬ 
some 21 has also been identified in five families with early onset 
AD and CAA (Rovelet-Lecrux et al., 2006). These mutations lead 
to progressive dementia associated with parenchymal Ap amyloid 
deposits. The clinical features of patients from these CAA-families” 
are not distinguishable from those of PS1 or PS2 families with¬ 
out CAA. Cases reported in Volga German families are associated 
with PS2 mutation (Nochlin et al., 1998). A Finnish family with 
dementia in four generations and with frequent co-occurrence 
of dementia and ICH was identified (Remes et al., 2004). Neu- 
ropathologic examination revealed AD changes. In addition to cog¬ 
nitive decline, five patients had had lobar ICH and one was diag¬ 
nosed with cerebral microbleeds. No causative mutations were 
identified in candidate genes associated with amyloid diseases, 
but linkage to APP region could not be entirely excluded. The AD 
in this Finnish family shares similarities with the Italian, Flem¬ 
ish, and Iowa types of AD, but no amyloidogenic mutations were 
identified. 


Hereditary cystatin C CAA (Icelandic type) 

Hereditary cystatin C amyloid angiopathy (HCAAA-I), previously 
called “hereditary ICH with amyloidosis, Icelandic type,” is a rare 
autosomal dominant disorder. It has been reported in only eight 
Icelandic families (Jensson et al., 1987), and is caused by a point 
mutation (leucine [L] to glutamine [Q]) change at codon 68 on 
the cystatin gene located on chromosome 20, consisting of a L68Q 
substitution (Palsdottir etal., 1988). Cystatin C is a potent inhibitor 
of various cysteine proteases. 

Abrahamson and Grubb (1994) produced normal cystatin C and 
L68Q cystatin C in an Escherichia coli expression system. Normal 
cystatin C and L68Q cystatin C differ considerably in their tendency 
to dimerize and form aggregates. Whereas wild-type cystatin C 
was monomeric and functionally active even after prolonged stor¬ 
age at elevated temperatures, L68Q cystatin C started to dimerize 
and lose biologic activity immediately after transfer to a nondena¬ 
turing buffer. The aggregation at physiologic concentrations was 
increased by 60% at 40°C compared to 37°C (Abrahamson and 
Grubb, 1994). 

The first clinical symptoms occur between 20 and 30 years of 
age, and consist of ICH that may involve the corticomedullary 
junction and the basal ganglia (Blondal et al., 1989). Infarcts are 
rare. Vascular dementia is possible in survivors (Blondal etal. , 1989; 
Jensson et al., 1987). Patients may remain stable for several years 
(Jensson et al., 1987). In the family reported by Gudmundsson 
et al. (1972), the mean age at death was 44 years in the first two 
generations, decreasing to 29.6 and 22.5 years in the third and 
fourth generations. Death usually occurs before the age of 50. 

An example of sporadic CAA with ICH was reported in an elderly 
Croatian man who had a mutation in cystatin C similar to that of 
HCAAA-I (Graffagnino etal., 1995). 
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Autopsy findings consist of multiple and extensive ICH of dif¬ 
ferent ages and extensive amyloid depositions in the arterial walls 
of the cerebral and leptomeningeal vessels. The involvement of 
the most distal microcirculation (including capillaries) is usual. 
Areas of demyelination can also be observed (Blondal etal., 1989; 
Gudmundsson et al., 1972), but there are no AD changes (Gud- 
mundsson et al., 1972). Cystatin C deposits may also be found in 
lymph nodes, spleen, salivary glands, seminal vesicles, testes, and 
skin (Benedikz et al., 1990; Lofberg et al, 1987), but they remain 
silent. 

Reduction to one-third of the normal level of cystatin C in CSF 
can be used as a diagnostic test (Jensson et al. } 1987). A spe¬ 
cific diagnosis by polymerase chain reaction-based analysis is also 
available (Abrahamson etal., 1992). 

AGel amyloidosis (familial amyloidosis, 

Finnish type) 

This is an autosomal dominant type of systemic amyloidosis where 
two mutations of the gelsolin gene have been described on chro¬ 
mosome 9 at codon 654 (aspartic acid 187 to asparagine change 
or aspartic acid 187 to tyrosine change) (de la Chapelle etal., 1992; 
Kiuru et al., 1994; Levy et al., 1990). As demonstrated by cDNA 
transfection, both mutant forms of gelsolin are abnormally pro¬ 
cessed and secreted as an aberrant 68 kd gelsolin fragment in cell 
culture. This fragment contains the suggested amyloid-forming 
sequence (Paunio etal., 1998). AGel is deposited in both the gray 
and white matter vessels of the brain and spinal cord. Clinical 
symptoms, such as dementia or mood disorders, and white matter 
lesions on MR1 may be related to the gelsolin-related CAA (Kiuru 
etal., 1994). 

Transthyretin CAA (familial 
oculoleptomeningeal amyloidosis) 

Familial oculoleptomeningeal amyloidosis (transthyretin CAA) 
is an autosomal dominant disorder with hemiplegic migraine, 
dementia, seizures, strokes, and visual deterioration (Goren etal., 
1980; Uitti et al., 1988). Amyloid deposition can be found in lep¬ 
tomeningeal and retinal vessels. The cerebral vessels are usually 
spared, but superficial ICH can occur when vessels of the superfi¬ 
cial neocortex are involved. Transthyretin CAA may also be seen in 
type I familial amyloid neuropathy, but usually remains asymp¬ 
tomatic. Two French patients were reported (Elbe et al., 2001) 
with recurrent subarachnoid hemorrhages associated with amy¬ 
loid deposits in the leptomeningeal vessels and a new mutation 
(Gly53Glu) in codon 53. 

Prion protein CAA 

Hereditary disorders because of prion protein (PrP) gene muta¬ 
tions in chromosome 20 are: familial Creutzfeldt-Jakob dis¬ 
ease, Gerstmann-Straussler-Scheinker disease, and fatal familial 
insomnia. In a family with progressive dementia close to AD and 
a PrP gene mutation at codon 145, a severe amyloid angiopathy 
because of PrP has been reported (Ghetti etal., 1996). 


Amyloid angiopathies of undetermined biochemical 
nature with mutation of the gene BRI 

British type (so-called "Worster-Drought type") 

The Worster-Drought type CAA (Griffiths et al., 1982; Plant et al., 
1990; Worster-Drought et al., 1940), also called Familial British 
Dementia (FBD) is a rare autosomal dominant disorder character¬ 
ized by progressive dementia, spasticity, and ataxia, with diffuse 
white matter changes (Plant etal., 1990). The clinical onset occurs 
in the fifth decade, and death usually occurs less than 10 years 
after onset. Clinically obvious strokes are not frequent. Three fam¬ 
ilies, two of them sharing a common ancestor, have been identi¬ 
fied. At autopsy, patients have multiple ICH and lacunes, amyloid 
angiopathy, and senile plaques in the hippocampus and cerebel¬ 
lum. The biochemical nature of the amyloid deposits is unknown, 
but a genetic mutation has been identified in the BRI gene located 
on chromosome 13 (Kim etal., 2000; Mead etal., 2000). The mutant 
BRI codes for an abnormal protein dubbed ABri, a major com¬ 
ponent of plaques in FBD. The structure of ABri suggested that 
it was cleaved by the prohormone convertase furin (Kim et al., 
1999). Furin constitutively processes both ABRi and the normal 
protein product of BRI, with subsequent secretion of carboxyl ter¬ 
minal peptides that encompass all or part of ABRi. More signifi¬ 
cantly, furin generates more peptide product in the presence of the 
mutant BRI protein coded by chromosome 13, and the peptides 
thus produced assemble into irregular, short fibrils. Although the 
role of BRI peptides in the genesis of FBD is not known, it seems 
likely that the elucidation of this process can shed light on the role 
of abnormal protein aggregation in other neurodegenerative dis¬ 
eases such as AD. The disease is caused by a stop-codon mutation 
in the BRI gene on chromosome 13. 

Danish type 

Familial Danish dementia is also known as heredopathia 
ophthalmo-oto-encephalica, and is characterized by cataracts, 
deafness, progressive ataxia, and dementia. The disease causing 
mutation is a decamer duplication in the BRI gene on chromosome 
13 (Vidal etal., 2000). 

Amyloid angiopathies of undetermined biochemical 
nature without mutation of the gene BRI 

Other familial disorders with amyloid deposits of unknown origin 
have been identified (Haan and Roos, 1990). 

The future 


Improvement in diagnostic tools 

The diagnosis of definite CAA requires neuropathological exam¬ 
ination of autopsic or surgical material. However, there are clin¬ 
ical circumstances in which the diagnosis should be suspected 
(Table 61.2). In the Dutch type, there is an important heterogeneity 
in the age at onset and clinical presentation between and within 
families. Diagnostic criteria have therefore been established for 
CAA (Table 61.3). 
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Table 61.2 Possible clinical presentation of patients with CAA 


Recurrent lobar ICH 
Multiple lobar ICH 

Lobar ICH with leukoencephalopathy 
Unexplained leukoencephalopathy 

Dementia + lobar ICH (with or without leukoencephalopathy) 

Lobar ICH during anticoagulation or thrombolytic therapy 
Any neurological symptom in a patient from a family with hereditary 
CAA 

Association of ataxia, spasticity, and progressive dementia in at least 
two persons from the same family 

Source: Haan etal., 2001. 


Table 61.3 Diagnostic criteria of CAA 


1. Definite CAA 

Full postmortem examination demonstrating: 

Lobar, cortical, or cortico-subcortical hemorrhage 
Severe CAA with vasculopathy (Vonsattei etal., 1991) 

Absence of other diagnostic lesion 

2. Probable CAA with supporting pathology 

Clinical data and pathologic tissue (evacuated hematoma or cortical 
biopsy) demonstrating: 

Lobar, cortical, or cortico-subcortical hemorrhage 
Some degree of CAA in specimen 
Absence of other diagnostic lesion 

3. Probable CAA 

Clinical data and MRI or CT demonstrating: 

Multiple hemorrhages restricted to lobar, cortical, or 
cortico-subcortical regions (cerebellar hemorrhage allowed) 

Age > 55 years 

Absence of other cause of hemorrhage* 

4. Possible CAA 

Clinical data and MRI or CT demonstrating: 

Single lobar, cortical, or cortico-subcortical hemorrhage 
Age > 55 years 

Absence of other cause of hemorrhage* 

•Other causes of ICH: excessive warfarin (international normalized ratio 
[INR] > 3.0); antecedent of head trauma or ischemic stroke; central 
nervous system tumor; vascular malformation, or vasculitis; and blood 
dyscrasia or coagulopathy. (INR > 3.0 or other nonspecific laboratory 
abnormalities permitted for diagnosis of possible CAA). 

Source: Knudsen etal., 2001 with permission. 


Genetic counseling in hereditary CAA should aim at giving ade¬ 
quate information specific for the type of CAA. DNA diagnosis, 
possibly even prenatal, should be offered, accompanied by psy¬ 
chological support to cope with the DNA test result. In the Dutch 
type, there are important ethical issues for the prenatal test as the 


natural history of the disease is not completely known, and many 
patients may have a normal life for 40 or more years. 

CAA can only be diagnosed with certainty by means of histolog¬ 
ical investigation. Therefore, attempts should be made to improve 
the diagnostic possibilities in vivo, for example, by means of new 
MRI techniques or radioactive labeled compounds. 

Biochemical analysis of the amyloid vessels, genetic studies of 
so-called “sporadic cases,” and determination of risk factors for 
amyloid deposition are the main research activities that will help 
to achieve this goal. 


Treatment of ICH 

There is no reason to treat CAA-related ICH differently than other 
varieties of ICH. However, when a patient is expected to have CAA, 
surgery should be avoided if at all possible because of a high risk 
of rebleeding and a good spontaneous recovery. 


Prevention of ICH 

CAA is the only major type of stroke without any effective pre¬ 
vention. Aspirin and anticoagulants should be avoided as much 
as possible in these patients. Early treatment of febrile periods 
might reduce amyloid formation as suggested in HCAAA-I where 
it might slow down the in vivo formation of L68Q cystatin C aggre¬ 
gates (Abrahamson and Grubb, 1994). In transthyretin amyloido¬ 
sis, liver transplantation appears to reduce the amount of amy¬ 
loid deposition, but it is very unlikely to be an option for CAA 
as well. More success is to be expected from therapies such as 
amyloid breaker peptides or antibodies against amyloid. A better 
knowledge of the mechanisms leading to amyloid deposition is 
now necessary to determine how to block the pathological cas¬ 
cade of events. Potential approaches to prevent CAA progres¬ 
sion include: inhibitors of Ap cleavage from APP, potentiators of 
Ap clearance, antagonists of vasoactive cytokines, and inhibitors 
of Ap binding to APOE or the vascular extracellular matrix. The 
breakdown of amyloid-laden vessel walls might be prevented by 
inhibitors of Ap toxicity, antioxidants, or anti-inflammatory agents 
(Greenberg, 1998). Appearance of small, clinically silent hemor¬ 
rhagic lesions on gradient-echo MRI may be an efficient surro¬ 
gate end point for pilot trials of promising therapeutic approaches 
to CAA (Greenberg and Rosand, 2001). The question of whether 
patients with CAA should be excluded from thrombolytic strategies 
(McCarron and Nicoll, 2004) for cerebral or myocardial ischemia is 
not answered, and the question has arisen as to how these patients 
can be identified in an emergency. Lowering blood pressure, irre¬ 
spective of its level, is recommended, although there is no evidence 
that that reduces the risk of ICH in CAA patients. 

Better knowledge of the mechanisms leading to amyloid depo¬ 
sition is now necessary to determine how to block the pathologi¬ 
cal cascade of events. Biochemical analysis of the amyloid vessels, 
genetic studies of so-called “sporadic cases,” and determination of 
risk factors for amyloid deposition are the main research activities 
that will help to achieve this goal. 
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MOYA-MOYA SYNDROME 

Harold P. Adams, Jr., Patricia Davis, and Michael Hennerici 


Introduction 

An uncommon cause of hemorrhagic or ischemic stroke in chil¬ 
dren and young adults, moya-moya was first described byjapanese 
investigators in 1955. Most of the initial reports about moya- 
moya were from Japan, but in the last 50 years, patients with 
moya-moya have been identified from around the world. Two sub¬ 
sets of patients with moya-moya have been identified; those with 
moya-moya disease, which probably is an inherited arteriopathy 
found primarily among persons of northeastern Asian ancestry, 
and those with moya-moya syndrome, which is diagnosed among 
persons of all ethnic groups and may be secondary to a large num¬ 
ber of disorders. 

The largely intracranial arteriopathy is associated with a pro¬ 
gressive bilateral obliteration of the major arteries of the anterior 
circulation (distal segment of the internal carotid artery [ICA] and 
the proximal segments of the middle cerebral artery [MCA] and 
anterior cerebral artery [ACA]). As these arteries become occluded 
and disappear, they are replaced by a fine meshwork of small collat¬ 
eral vessels at the base of the brain that are the arteriographic and 
pathologic hallmark of moya-moya. The arteriographic appear¬ 
ance of these vessels, which resembles a “puff of smoke,” is the 
source of the name of moya-moya. These same arteriographic 
findings may be found among patients with either moya-moya 
disease or moya-moya syndrome. The arteriographic findings in 
the absence of other conditions that may predispose to arterial 
occlusions in a child or young adult often lead to the diagnosis 
of moya-moya disease. In contrast, the arteriographic changes are 
associated with a large number of conditions, as described sub¬ 
sequently, and in these situations, the diagnosis of moya-moya 
syndrome is made. The latter scenario may be more common 
among young adults than among children. Differentiating moya- 
moya disease from moya-moya syndrome is important because 
the prognosis and treatment of the patient with the latter empha¬ 
sizes management of the underlying disease. 

The relentlessly progressive nature of the arteriographic changes 
is another key feature of moya-moya arteriopathy. Based on 
the arteriographic findings, six stages of the disease are defined 
(Suzuki, 1986) (Table 62.1). In general, a patient's clinical status 
corresponds to the stage of the arteriographic abnormalities. While 
approximately 10% of patients initially have changes of unilat¬ 
eral moya-moya, most of these patients eventually develop bilat¬ 
eral abnormalities. The angiographic findings of moya-moya syn¬ 
drome are akin to those found with moya-moya disease (Natori 
etal., 1997). However, the presence of a unilateral process is more 


suggestive of moya-moya syndrome than of moya-moya disease. 
The diagnosis of moya-moya should be made with caution if the 
findings are strictly unilateral, particularly if the arterial changes 
do not worsen. 

Epidemiology 

Japan has the highest incidence and prevalence of moya-moya in 
the world. Wakai ef a/. (1997) estimated that 3900 Japanese patients 
with moya-moya are treated annually. Ikeda et al. (2006) recendy 
concluded that the prevalence of moya-moya in the asymptomatic 
Japanese population is 50.7 per 100 000 people. The rate was con¬ 
siderably higher among Japanese women (94.3/100 000) than men 
(28.9/100 000.) Reports from Korea and Taiwan suggest that the 
incidence and prevalence of moya-moya are lower in these coun¬ 
tries than in Japan but higher than elsewhere in the world (Hung 
et al, 1997; Ikezaki, Fukui, Inamura, et al., 1997; Ikezaki, Han, 
Kawano, et al., 1997). Presumably most of the cases in Northeast 
Asia represent true genetic moya-moya disease rather than moya- 
moya syndrome. In Japan, Wakai et al. (1997) found the incidence 
of moya-moya peaked in two age groups: children younger than 
14 years and young adults between 25 and 49 years old. Approxi¬ 
mately 50% of the patients had symptoms before the age of 10. The 
high frequency of disease in young children also suggests an inborn 
metabolic defect. Ikezaki, Fukui, Inamura, etal. (1997) found sim¬ 
ilar peaks among Korean patients, but the mean age could be 
higher. Another Korean study found two age peaks, 6-15 years and 
31-40 years (Han et al., 2000). In Japan, the female-to-male ratio 
is approximately 1.6-1.8:1 (Fukui, 1997; Ikezaki, Han, Kawano, 
etal., 1997; Wakai etal., 1997). In Korea andTaiwan, the female-to- 
male ratio is approximately 1.3:1 (Hung etal., 1997; Ikezaki, Fukui, 
Inamura, etal., 1997; Ikezaki, Han, Kawano, etal., 1997). 

Based on responses to a questionnaire mailed to institutions, 
Yonekawa et al. (1997) estimated that the incidence of moya- 
moya in Europe was approximately one-tenth of that found in 
Japan. Although most European patients were white, many of 
their clinical features were similar to those described in Japanese 
patients. Most European patients are children or young adults 
(Khan and Yonekawa, 2005). While moya-moya has been described 
in all ethnic groups in North America, surveys in Canada and the 
United States also show relatively low rates (Edwards-Brown and 
Quets, 1997; Numaguchi etal., 1997; Peerless, 1997). Uchino etal. 
(2005) looked at the frequency of moya-moya in Washington state 
and California and found an incidence of 0.086/100 000 persons. 
The incidence of moya-moya was considerably higher among 
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fable 62.1 Angiographic stages of moya-moya 


Table 62.2 Collateral vessels in moya-moya 

Stage 1 

There is narrowing of the distal segment of the ICA. 


External carotid artery 

Stage 2 

Basal moya-moya initially appears. There is dilation of the 


Middle meningeal artery 


main cerebral arteries. 


Facial artery 

Stage 3 

Basal moya-moya becomes more prominent. The proximal 


Temporal artery 


segments of the ACA and MCA are no longer visualized. 


Occipital artery 


Pial collaterals arise from branches of the posterior 


Superficial temporal artery 


cerebral arteries (PCA). 


Ophthalmic artery 

Stage 4 

The basal moya-moya begins to regress. Proximal 


Ethmoidal arteries 


segments of the PCA are involved. 


Anterior falcine artery 

Stage 5 

The basal moya-moya decreases further. The major 


PCA 


cerebral arteries are no longer visualized. 


Tectal plexus 

Stage 6 

The basal moya-moya is no longer seen. The cerebral 


Posterior choroidal artery 


circulation is supplied only via meningeal-pial 


Thalamoperforating arteries 


collaterals from branches of the external carotid arteries. 


Dorsal callosal branches 


Asian-Americans than among other ethnic groups. A higher rate of 
moya-moya in Hawaii than in the continental United States may 
be attributed to a higher concentration of persons of Japanese 
ancestry living in Hawaii (Graham and Matoba, 1997). Graham and 
Matoba (1997) found the prevalence and incidence of moya-moya 
among Japanese Americans to be similar to those found in Japan. 
The presentations of moya-moya in NorthAmerica may differ from 
those found in Japan; for example, a relatively higher rate of hem¬ 
orrhages is described (Peerless, 1997). This finding may support 
the hypothesis that most cases of moya-moya in North America 
are secondary to moya-moya syndrome instead of moya-moya 
disease. In the United States, a majority of cases are diagnosed 
in young adults (Cloft et al., 1999; Edwards-Brown and Quets, 
1997; Hallemeier et al., 2006; Peerless, 1997). The differences in 
the age groups between Japan and North America also suggest a 
different underlying condition. A predominance of cases among 
young women also is reported in NorthAmerica (Cloft et al., 1999; 
Hallemeier et al., 2006; Numaguchi et al., 1997; Peerless, 1997). 

Pathology of moya-moya 

Pathological changes have been found in both intracranial and 
extracranial arteries, suggesting that moya-moya is not an isolated 
intracranial arteriopathy. Several reports have associated moya- 
moya disease with renal artery stenosis, a finding that implies 
that the disease is a multisystem vasculopathy in some patients 
(Halley et al., 1988; Yamada ef al., 2000). Bilateral severe stenoses 
or occlusions of the terminal portions of the ICA and the proximal 
segments of the ACA and MCA are the hallmark of moya-moya. 
The disease also may affect the posterior circulation, most com¬ 
monly the PCA, although the findings are less extensive and appear 
later than those found in the ICA and its major branches. Branches 
of the external carotid artery, especially the superficial temporal 
artery and middle meningeal artery also may be affected (Aoyagi 
etal., 1996,1997; Yang ef al., 1997). 

Microscopic findings in the larger intracranial arteries included 
segmental narrowing, thickening of the intimal and medial lay¬ 
ers, proliferation or degeneration of smooth muscle cells, and 


tortuosity or fragmentation of the internal elastic lamina (Fukui 
etal., 2000; Hosoda etal., 1997; Li et al., 1991; Takebayashi etal., 
1984; YamashitaefflJ., 1983). Inflammatory changes, calcification, 
and lipid deposits are not found in the arterial wall. These findings 
suggest that moya-moya is a vasculopathy that is distinct from 
either vasculitis or atherosclerosis (Haltia etal., 1982). 

The fine mesh of the basal collateral vessels, which is the clinical 
hallmark of moya-moya, usually involves the frontal basal regions 
(ethmoidal moya-moya). Less commonly, it can be generalized 
(vault moya-moya) (Suzuki, 1986). Collateral vessels contributing 
to the network of small-caliber vessels may arise from the middle 
meningeal artery, superficial temporal artery, facial artery, tem¬ 
poral artery, or occipital arteries. The ethmoidal arteries or the 
anterior falcine artery may serve as collaterals diverting blood 
from the ophthalmic artery to the hemisphere. In addition, pial 
or deep collateral vessels may develop from the tectal plexus, pos¬ 
terior choroidal artery, thalamoperforating arteries, or the dorsal 
callosal branches of the PCA (Table 62.2). Most of these vessels 
are leptomeningeal in location. Rather than being new arteries, 
these enlarged collateral channels appear to be normal arterioles 
and veins that are dilated. On microscopic examination, these ves¬ 
sels have fibrous intimal thickening and attenuation of the inter¬ 
nal elastic lamina. Small penetrating arteries at the base of the 
brain also show fibrous thickening of the intima, thinning of the 
media, fragmentation of the internal elastic lamina, and micro¬ 
aneurysms (YamashitaetflZ., 1983). Takebayashi etal. (1984) found 
moth-eaten changes in the walls of the lenticulostriate arteries and 
concluded that the changes mimicked severe hypertension or sus¬ 
tained arterial vasospasm. 

The presumed etiology for the brain ischemia among patients 
with moya-moya is a gradually evolving hypoperfusion secondary 
to occlusion of the major arteries. The smaller caliber collateral 
channels are unable to maintain adequate blood supply to the 
brain, and infarctions (most commonly in a watershed pattern) 
develop. Multiple small infarctions most often develop in the basal 
ganglia and the deep white matter of the cerebral hemispheres. 
Larger infarctions, secondary to thromboembolic occlusions, usu¬ 
ally are in the cortical distribution of the ACA or MCA. Infarctions in 
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the posterior portions of the cerebral hemispheres, the brainstem, 
or the cerebellum are rare. 

Microaneurysms or false aneurysms that may be the source of 
intracranial hemorrhage often are located on the small intracranial 
vessels. Most hemorrhages are located in the deep structures of 
the cerebral hemispheres. Small collateral vessels adjacent to the 
lateral ventricles may be the source of primary intraventricular 
hemorrhage. In addition, saccular aneurysms, most commonly 
located in the posterior circulation or on collateral vessels, also 
may be the source of subarachnoid hemorrhage (Kawaguchi et al., 
1996b; Leblanc, 1992). 

Genetic aspects of moya-moya disease 

The familial occurrence of moya-moya disease and the much 
higher rates of the disease among persons of Japanese ances¬ 
try point towards a genetic factor (Graham and Matoba, 1997) 
Approximately 10% of affected Japanese patients have relatives 
with moya-moya disease. Cases of moya-moya disease in identical 
twins have been reported (Fukui, 1997). Familial aggregations of 
moya-moya disease are much less common in Europe and North 
America (Shetty-Alva and Alva, 2000). The two peaks of moya- 
moya disease in children and young adults suggest more than one 
genetic abnormality. Mineharu et al. (2006) concluded that most 
cases of familial moya-moya disease follow a pattern that is com¬ 
patible with an autosomal dominant inheritance with incomplete 
penetrance. They also found a trend that affected mothers were 
more likely to have daughters with an adult onset of symptoms. A 
mother-to-child inheritance pattern in some families suggests that 
some cases of moya-moya disease might be because of a genetic 
mitochondrial disorder. In addition, the association of moya-moya 
with several genetic and inherited diseases (including Down syn¬ 
drome, sickle cell disease, neurofibromatosis, and polycystic kid¬ 
ney disease) also suggests a possible genetic substrate (Cheong 
et al., 2005; Cramer et al., 1996; Hattori et al., 1998; Pracyk and 
Massey, 1989; Salih et al., 2006). 

Inoue et al. (1997) reported that several alleles of the class II 
genes of the human leukocyte antigen (HLA) are associated with 
moya-moya disease. In a Korean population of patients with moya- 
moya disease, Han et al. (2003) found an association with the 
HLA-B35 allele, particularly among women and persons with 
adult-onset symptoms. Linkage studies among patients with 
moya-moya disease demonstrate several possible genetic loci. 
Cramer et al. (1996) postulated that a protein encoded on chro¬ 
mosome 21 might be related to the pathogenesis of moya-moya 
disease. Sakuri et al. (2004) found a location on gene 8q23. Ikeda 
et al. (1999) found a possible site on gene 3p24.2-p26. Other poten¬ 
tial sites have been identified on chromosomes 6 and 17 (Fukui 
et al., 2000; Inoue et al., 2000; Yamauchi ef al., 2000). Kang et al. 
(2006) reported that genes encoding tissue inhibitor of metallopro- 
teinases 2 and 4 span previously identified sites on chromosomes 
3 and 17 probably are related to moya-moya disease (Yamauchi 
et al., 2000). They also found a higher rate of changes in tissue 
inhibitor of metalloproteinase 2 among patients with moya-moya 
disease, and they speculated that these changes lead to changes 
in binding and transcription. 


Presumably the inherited metabolic abnormality affects 
endothelial or arterial smooth muscle cells. The factor's primary 
actions must induce narrowing and occlusion of the large intracra¬ 
nial arteries. The development of the small collaterals (moya-moya 
phenomenon) may be a secondary reactive process in response to 
subacute ischemia. Abnormalities in levels of fibroblast growth 
factor, which is a mitogen for endothelial cells, may stimulate 
arterial growth. Increased immunoreactivity to fibroblast growth 
factor may be detected in specimens obtained from the dura or 
the superficial temporal artery (Hoshimaru et al., 1991; Malek 
etal, 1997; Suzuieta/., 1994; Yamamoto etal, 1998). High fibrob¬ 
last growth factor levels also are found in the smooth muscle and 
the intimal and medial layers in patients with moya-moya (Suzui 
etal., 1994). Elevated cerebrospinal fluid levels of fibroblast growth 
factor also maybe found (Malek etal., 1997; Takahashi etal., 1993; 
Yoshimoto et al., 1996). Houkin et al. (1996) found that persons 
with unilateral moya-moya have lower levels of fibroblast growth 
factor than do patients with bilateral disease. Vascular endothe¬ 
lial growth factor, angiopoietins, platelet-derived growth factors, 
and integrins also may play a role in angiogenesis and cause arte¬ 
rial changes of moya-moya (Lim et al., 2006). Some of these fac¬ 
tors may play a role in the evolution of moya-moya. Transforming 
growth factor (3-1, which may lead to neovascularization of ves¬ 
sels and angiogenesis, also is implicated as a contributing factor 
in the pathogenesis of moya-moya (Yamamoto et al., 1997; Hojo 
etal., 1998). The smooth muscle cells obtained from the arteries of 
patients with moya-moya do not react to platelet-derived growth 
factor (Aoyagi et al., 1993, 1997). Masuda et al. (1993) detected 
increased generation of smooth muscle cells among patients with 
moya-moya disease by detecting the presence of proliferating cell 
nuclear antigen in cells. Although these findings are important and 
imply a nonatherosclerotic mechanism for the thickening of the 
arterial wall in moya-moya, additional research on the pathophys¬ 
iology of the arteriopathy is needed. 

Pathogenesis of moya-moya syndrome 

The pathogenesis of moya-moya syndrome differs from that of 
moya-moya disease. Epidemiological variables and clinical pre¬ 
sentations differ between the two groups of patients. Persons 
with moya-moya syndrome usually are young adults, who often 
have potential risk factors for stroke and a potential for intracra¬ 
nial hemorrhage. Moya-moya syndrome is associated with a 
large number of diseases (Table 62.3). Such relationships are not 
described among the Asian populations with moya-moya disease. 
Many diseases associated with moya-moya syndrome have a sub¬ 
acute or chronic course leading to brain ischemia, which serves as 
a potent stimulus for the growth and proliferation of small vessels 
at the base of the brain. Rather than a de novo arterial disease, 
many of the arterial changes may be secondary to the underlying 
illness, such as sickle cell disease, or may be a relatively nonspe¬ 
cific response to improve blood flow to deep brain structures that 
are ischemic. 

Moya-moya syndrome may follow radiation therapy for treat¬ 
ment of an optic nerve glioma, particularly associated with neu¬ 
rofibromatosis, type 1 (Bitzer and Topka, 1995; Desai et al., 2006; 
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fable 62.3 Possible associations with moya-moya syndrome 


Neurofibromatosis 

Tuberous sclerosis 

Turner syndrome 

Retinitis pigmentosa 

Down syndrome 

Pseudoxanthoma elasticum 

Glycogen storage disease -1 

Sickle cell disease 

Thalassemia 

Protein C deficiency 

Factor V Leiden 

Protein S deficiency 

Polycystic kidney disease 

Eosinophilic granuloma 

Noonan syndrome 

Costello syndrome 

Hypomelanosis of Ito 

Livedo reticularis 

Graves’ disease - thyrotoxicosis 

Rheumatoid arthritis 

Arteriovenous malformation 

Kawasaki disease 

Oral contraceptive use 

Smoking 

Craniocerebral trauma 

Cranial/basal irradiation 

Parasellar tumors 

Vasculitis 

Polyarteritis nodosa 

Fibromuscular dysplasia 

Renal artery stenosis 

Saccular aneurysm 

Atherosclerosis 

Tonsillitis / pharyngitis 

Tuberculous meningitis 

Leptospirosis 

Anaerobic meningitis 

Propionibacterium acnes 


Kestle etal., 1993). The interval from the radiation exposure until 
the appearance of the arterial changes has been 6-12 years (Bitzer 
and Topka, 1995; Desai et al., 2006). Children receiving radia¬ 
tion therapy to the parasellar region before the age of 5 years 
seem to have the highest risk for secondary moya-moya (Desai 
et al, 2006). Interactions between abnormalities in coagulation 
and recent infections and the development of moya-moya also 
are reported (Andeejani etal., 1998; Bonduel etal., 2001; Cheong 
et al., 2005; Holz et al., 1998; Tanigawara et al., 1997; Tsuda et al., 
1997; Yamada etal., 1997). The mesh of small vessels at the base of 
the brain (moya-moya phenomenon) also may be secondary to a 
gradual atherosclerotic occlusion of the major intracranial arter¬ 
ies. Reports correlate the development of moya-moya in young 
women with the use of oral contraceptives and smoking (Bruno, 
Adams, Biller, etal., 1988; Levine etal., 1991; Peerless, 1997). In con¬ 
trast, Cloft et al. (1999) could find no relationship of moya-moya 
with common risk factors for stroke or use of oral contraceptives in 
a series of young American adults. An association between moya- 
moya and morning glory disc anomaly, thyrotoxicosis or Graves’ 
disease also has been reported (Hsu et al., 2006; Im et al., 2005; 
Murphy et al., 2005; Quah et al., 2005; Squizzato et al., 2005). The 
large number of conditions associated with moya-moya syndrome 
suggests that the arterial changes may be an epiphenomenon 
rather than a specific consequence of the primary illness. 

Clinical presentations 

Patients with either moya-moya disease or syndrome may have a 
number of presentations (Table 62.4). No one clinical presentation 
is specific for either form of moya-moya. Overall, the clinical find¬ 
ings in children differ slightly from those found among adults. In 
general, moya-moya disease is more likely in children and among 
persons of Northeastern Asian ancestry whereas moya-moya 


Table 62.4 Clinical presentations of moya-moya in children 
and adults 


Children 

Adults 

Recurrent headaches 

Subarachnoid hemorrhage 

Seizures 

Intracerebral hemorrhage 

Ischemic stroke 

Ischemic stroke 

Focal motor signs 

Focal motor signs 

Sensory disturbances 

Sensory disturbances 

Speech disturbances 

Speech disturbances 

Impaired consciousness 

Impaired consciousness 

Movement disorders 

Movement disorders 

Mental retardation 

Seizures 

Cognitive decline 

Headaches 

Pituitary dysfunction 

Vascular dementia 


syndrome is more likely in young adults and persons of other eth¬ 
nic groups. Still, moya-moya (disease or syndrome) is included 
in the differential diagnosis of either ischemic or hemorrhagic 
stroke in children and young adults (Camilo and Goldstein, 2005; 
Chabrier et al., 2000; deVeber, 2003; Wraige, Phol and Ganesan, 
2005) 

Affected children often present with headaches, motor impair¬ 
ments, or seizures (Namba et al 2006; Yamashiro etal., 1984). Seol 
et al. (2005) reported that 44 of 204 children with moya-moya dis¬ 
ease had severe headaches that interfered with daily activity and 
that occurred at least once a month. The headaches often have the 
clinical features of migraine. Seol etal. (2005) concluded that pro¬ 
gressive recruitment of blood vessels and redistribution of blood 
flowcould be potential causes ofheadaches in children. Because of 
the high risk for ischemia, treatment ofheadaches maybe difficult. 
Seizures, which usually are generalized, may be an initial finding 
in approximately 5%-10% of children. Seizures also may occur at 
any time in the course of the illness. Ischemia is the most com¬ 
mon clinical presentation (Han et al., 2000). Recurrent ischemic 
strokes and transient ischemic attacks (TLA) provoked by hyper¬ 
ventilation also are reported (Battisella and Carollo, 1997; Hung 
et al. , 1997). The occurrence of a transient episode of focal neuro¬ 
logical dysfunction following vigorous exercise or hyperventilation 
in a child should lead to consideration of moya-moya. 

The signs of stroke or TLA usually reflect ischemia to a cerebral 
hemisphere. Children may have hemiparesis, dysarthria, sensory 
loss, movement disorders (Watanabe et al., 1990), or focal cogni¬ 
tive impairments including aphasia. Infarctions may be located 
in either cortical or deep hemispheric structures. Many of the 
deep hemisphere infarctions are small, and on brain imaging their 
appearance may mimic the findings found among patients with 
lacunar infarctions secondary to chronic hypertension. Recur¬ 
rent stroke may lead to progressive cognitive decline or mental 
slowing; this sequence of events is distressingly common among 
children with moya-moya disease (Kuroda etal., 2004). Imaizumi 
etal. (1999) reported that intelligence begins to decrease after the 
onset of symptomatic moya-moya disease, but the decline usu¬ 
ally stabilizes after approximately 10 years. Hogan et al. (2005) 
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found that intellectual decline among children with sickle cell dis¬ 
ease was greater if they also had complicating moya-moya syn¬ 
drome. Hypothalamic-pituitary dysfunction is a rare complication 
of moya-moya disease in children (Mootha etal., 1999). This com¬ 
plication should not be a surprising finding given the location of 
the vasculopathy. 

Recurrent stroke or TIA also is a common presentation of moya- 
moya among young adults (Bruno, Adams, Biller, et al., 1988; 
Camilo and Goldstein, 2005; Chiu et al., 1998; Peerless, 1997). 
Ischemic lesions usually are in the border zone between the ter¬ 
minal perfusion beds of the ACA, MCA, and PCA. Infarctions may 
be located in the cortex, deep hemispheric white matter, or basal 
ganglia. Motor, sensory, or cognitive impairments often are promi¬ 
nent. A progressive ischemic syndrome affecting primarily the 
frontal lobes may lead to serious behavioral disturbances or dis¬ 
orders of executive function. Uncommonly, patients may present 
with movement disorders (Gonzalez-Alegre et al, 2003). A syn¬ 
drome that mimics multi-infarction dementia may also occur. 
Brainstem ischemia is an atypical feature (Hirano et al., 1998). 
However, with involvement of the PCA, visual disturbances may 
occur (Miyamoto etal., 1986; Noda el al., 1987). Visual complaints 
include amaurosis fugax, visual field defects, decreased visual 
acuity, positive visual phenomena, and diplopia. Some of these 
complaints reflect disease in the carotid circulation, and others 
reflect posterior circulation ischemia. Seizures and headaches are 
much less common among adults than children. Adult patients 
with ischemic symptoms have a very high risk for recurrent stroke 
(Hallemeier etal., 2006). 

Intracranial hemorrhage often is a presentation of moya-moya 
in adults. Han etal. (2000) reported that hemorrhage was the major 
clinical presentation in approximately 60% of the Korean adults 
with moya-moya disease. Asymptomatic microhemorrhages in 
the brain also may be detected by MRI (Ishikawa et al., 2005; 
Kikuta et al. } 2005). Hemorrhages may be secondary to rupture 
of a collateral vessel, penetrating artery, small false aneurysm, 
an associated saccular aneurysm, or a vascular malformation 
(Iwama, Hashimoto, Tsukahara, et al., 1997; Iwama, Horimoto, 
Hashimoto, et al., 1997; Iwama, Todaka, Hashimoto, etal., 1997). 
Recurrent intracranial hemorrhages are frequent. Kawaguchi etal. 
(1996a) reported that recurrent bleeding occurs at a rate of approx¬ 
imately 2% per patient-year. In another study, Morioka etal. (2003) 
reported that rebleeding occurred in 22 of 36 patients with adult 
moya-moya. They found that rebleeding was most frequent among 
those patients 46-55 years old and that recurrent hemorrhage 
usually led to poor neurological outcomes. Approximately 60% 
of hemorrhages are intracerebral in location, approximately 30% 
are primarily intraventricular, and 5% are subarachnoid (Leblanc, 
1992; Saeki etal., 1997). The common intraparenchymal sites for 
the hemorrhages are the basal ganglia and thalamus. Thalamic 
hemorrhages often are associated with an intraventricular exten¬ 
sion (Irikura etal., 1996; Jayakumar etal., 1999). Hemorrhage aris¬ 
ing from the caudate nucleus also can occur. 

The location of the intracerebral hemorrhages in deep brain 
structures has led to the theory that bleeding is due to an over¬ 
load of blood flow through penetrating arteries that supply these 
deep regions. These arteries become hypertrophied, are larger 


than usual, and show degenerative changes and microaneurysms 
when studied pathologically (Yamashita et al., 1983). They are not 
made to carry the extra load. This theory has led some clinicians 
to posit that surgical creation of bypasses might lessen the blood 
flow load of these penetrating arteries by providing alternative col¬ 
lateral pathways and so lessen the risk of brain hemorrhage. There 
are few data that test this hypothesis. 

Small asymptomatic hemorrhages can be located in the para¬ 
ventricular white matter, subcortex, or basal ganglia (Ishikawa 
et al., 2005). Although a potential association between cerebral 
arteriovenous malformation and moya-moya has been described, 
the number of cases is small (Lichtor and Mullan, 1987). 

Subarachnoid hemorrhage is relatively rare among patients 
with moya-moya unless an intracranial saccular aneurysm also is 
present (Kawaguchi etal., 1996a). Although the number of patients 
with moya-moya and saccular aneurysms is relatively small, the 
disproportionately high rate of posterior circulation aneurysms 
raises the possibility of a cause-effect relationship. Presumably, 
augmented flow through the vertebrobasilar circulation, which 
is serving as a collateral channel for blood to reach the cerebral 
hemispheres, could lead to hemodynamic changes that stimu¬ 
late growth of aneurysms (Iwama, Hashimoto, Tsukahara, et al., 
1997; Iwama, Horimoto, Hashimoto, et al., 1997; Iwama, Todaka, 
Hashimoto, et al., 1997; Kodama et al., 1996; Muizelaar, 1988). 
Small false aneurysms found on the moya-moya collaterals at the 
base of the brain or along the ventricular surface also may produce 
subarachnoid hemorrhage (Konishi etal., 1985; Marushima etal., 
2006). 

Unilateral findings consistent with the diagnosis of moya-moya 
disease or syndrome can be detected in both children and young 
adults (Hirotsune et al., 1997; Houkin et al., 1996; Kawano et al., 
1994). Most such patients subsequently develop bilateral disease, 
but some patients with unilateral moya-moya do not have the typ¬ 
ical progressive course. However, some patients have persistent 
unilateral disease and they should be considered to have an atyp¬ 
ical syndrome. The diagnosis of moya-moya disease should be 
made with considerable caution if the patient has clinical, brain, 
and vascular imaging findings of a unilateral process. 

While oral contraceptive use may be associated with the devel¬ 
opment of moya-moya, there is no evidence that pregnancy wors¬ 
ens the arteriopathy. Isolated instances of successful outcomes 
of pregnancy among young women with moya-moya have been 
reported (Mehrkens et al, 2006). There is no evidence that preg¬ 
nancy or delivery is associated with an increased risk of either 
ischemic or hemorrhagic stroke. Both Cesarean section and vagi¬ 
nal delivery have been performed, but special attention should be 
paid to avoid hypocapnia, hypotension, or hypertension. 

Evaluation and diagnosis 
Vascular imaging 

The diagnosis of moya-moya requires visualization of the charac¬ 
teristic arterial findings. Thus, accurate imaging of the intracranial 
vasculature is a key for diagnosis, and this necessity usually means 
that the patient will need an arteriogram. Although arteriography 
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Figure 62.1 Woman (23-year-old) with moya-moya syndrome. A conventional 
angiogram with a right common carotid injection shows a large right 
ophthalmic artery (arrow) and occlusion of the terminal ICA with dilated 
lenticulostriate collaterals ( arrowhead). 

is an invasive study that is associated with some risk, the likelihood 
of complications is quite low (Robertson et al., 1998). The arte¬ 
rial changes are described in Tables 62.1 and 62.2 (Suzuki, 1986) 
(Figures 62.1 and 62.2). The presence of a terminal occlusion of 
one ICA with the finding of the typical basal network of fine-caliber 
vessels is not sufficient for the diagnosis. In this situation, a throm¬ 
boembolic occlusion is common. Segmental stenoses of the proxi¬ 
mal segments of the ACA and MCA secondary to vasospasm should 
not be misdiagnosed as moya-moya in a patient with a recent sub¬ 
arachnoid hemorrhage. Similarly, accelerated atherosclerosis in a 
young adult also may lead to stenosis or occlusion of the initial seg¬ 
ment of an ACA or MCA. Several areas of segmental constrictions 
and dilations of cortical arteries are not consistent with moya- 
moya; these changes are more suggestive of a vasoconstrictive syn¬ 
drome, vasculitis, or intracranial atherosclerosis, especially if the 
findings are most prominent in distal branches. Occlusions of the 
distal segments of the ACA or MCA are not typical for moya-moya 
even if pial or leptomeningeal collaterals are seen. Prominent fine- 
caliber collaterals arising from the ethmoidal arteries or other lep¬ 
tomeningeal vessels at the base of the brain are so typical of moya- 
moya that their absence should lead clinicians to question the 
diagnosis. During the early stages of moya-moya, prominent lep¬ 
tomeningeal collateral vessels arise from the PCA and its branches 
(Miyamoto et al. } 1984; Satoh etal., 1988) (Figure 62.3). Although 
the finding of these collaterals on a posterior circulation arteri¬ 
ogram raises suspicion of moya-moya, these findings are not spe¬ 
cific. Any obstruction of the proximal portions of the ACA or MCA 
may induce these changes. The PCA is affected as the moya-moya 
progresses (Yamada etal., 1995; Yamada, Himeno, Suzuki, etal., 
1995). Thus, the absence of prominent collaterals arising from the 



Figure 62.2 In the same patient, injection of the left common carotid shows a 
small collapsed left ICA with distal occlusion (arrow) and no filling of the left 
MCA and ACA. 


posterior circulation should not be surprising in advanced stages 
of the disease. Stenotic lesions similar to those found on major 
intracranial arteries also can be found on branches of the external 
carotid artery (Hoshimaru and Kikuchi, 1992). Intracranial saccu¬ 
lar aneurysms, most commonly found on the posterior circulation, 
also may be visualized by arteriography. These aneurysms usually 
arise at arterial bifurcations. The false microaneurysms found on 
the penetrating collateral arterioles are not seen by arteriography. 

Magnetic resonance angiography (MRA) or computed tomog¬ 
raphy angiography (CTA) usually detects the stenoses or occlu¬ 
sions of the distal ICA or the proximal anterior artery and MCA 
(Figure 62.4). However, these techniques have difficulty visualiz¬ 
ing the basal moya-moya vessels. In comparison to conventional 
arteriography, MRA has a sensitivity and specificity for the diag¬ 
nosis of moya-moya of 73% and 100%, respectively (Yamada etal., 
1995; Yamada, Himeno, Suzuki, et al., 1995). Recently, Fushimi 
etal. (2006) reportedthatMRAperformedusinga3-Teslamachine 
could detect the moya-moya vessels. CTA may be superior to MRA 
for visualization of the lesions of the major arteries of the Circle 
of Willis (Katz et al., 1995). CTA also may detect the dilated basal 
collateral changes and the moya-moya vessels deep in the hemi¬ 
sphere (Tsuchiya et al., 1994), and also has been used to monitor 
the progress of moya-moya (Kikuchi etal., 1996). 

Transcranial Doppler (TCD) ultrasonography has been used 
to measure changes in velocity and pulsatility, to search for the 
presence of major leptomeningeal collaterals, and to detect high- 
intensity transient signals in moya-moya (Horn et al., 2005; Lee 
etal., 2004; Perren et al., 2005). Changes include diminished flow 
velocities in the MCA in comparison to the ICA and increased flow 
velocities in the ophthalmic arteries and PCA. These latter findings 
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Figure 62.3 In the same patient, there is collateral flow from a right vertebral 
artery injection via the posterior communicating artery and pial collaterals from 
the PCA to the ACA (arrow). 


reflect prominent collateral flow (Muttaqin et al., 1993; Takase 
et al., 1997). Overall the findings, which usually reflect hemody¬ 
namic changes rather than embolic events, correlate with the stage 
of moya-moya (Laborde et al., 1993; Takase et al., 1997). As the 
arteries become obliterated, the flow becomes very slow or stops. 
The findings also complement the changes detected by MRA. 
Sequential TCD studies may be performed to monitor the course of 
the disease. Because it is noninvasive, it is an ideal way to check for 
progression of the arteriopathy in children. The relative thinness of 
the skull in children makes the test easily performed. The shorter 
distances from the child’s skull’s surface to the Circle of Willis 
also make insonation technically clearer. TCD also can be used 
to monitor the patency of bypass operations (Perren ef al., 2005). 

Duplex imaging of the carotid artery in the neck may provide 
clues for the presence of severe disease of the distal ICA or intracra¬ 
nial arteries by showing no flow at the neck ora very high resistance 
to flow (Muppala and Castaldo, 1994). The absence of a stenotic 
lesion at the carotid bifurcation and the finding of sluggish dis¬ 
tal flow provide important clues about the location of the distal 
occlusion and the possible evidence of moya-moya. It is likely that 
these findings will lead to further investigation with MRA, CTA, or 
conventional arteriography. Thus, the results of the carotid duplex 
study could be helpful when screening a child or young adult with 
ischemic stroke. 

Brain imaging 

Both CT and MRI are used to assess the presence, extent, and 
location of hemorrhagic and ischemic brain lesions. Findings 
include multiple lesions (usually infarctions) located primarily in 



Figure 62.4 MRA of the same patient shows occlusion of the distal right ICA 
with dilated lenticulostriate collaterals (puff of smoke, arrow) with a small left 
ICA that is occluded in the cavernous portion ( arrowhead). There is poor flow in 
the left MCA via collaterals. 

deep hemispheric structures and the lobar white matter (Takeuchi 
ef al., 1982). Infarctions often take a border zone pattern between 
the terminal branches of the ACA and MCA. Takanashi ef al, (1993) 
found that most ischemic lesions in children affect the cortex and 
immediate subcortical white matter whereas adults have more 
infarctions in the deep lobar white matter, basal ganglia, and cen¬ 
trum semiovale (Figure 62.5). Other findings include ventricular 
enlargement and cortical atrophy. Because many of the ischemic 
lesions are relatively small, MRI may be more sensitive than CT 
in detecting the deep infarctions (Bruno, Yuh, Biller, et al., 1998; 
Takanashi et al, 1993). MRI also provides information about the 
vasculature and the extent of the arterial disease. MRI may visu¬ 
alize the absence of normal flow voids in the ICA, MCA, or ACA 
in the suprasellar region and the collateral network in the basal 
ganglia. The arterial walls are seen as faint (Aoki et al., 2002). 
MRI also may detect dilated leptomeningeal or transdural collat¬ 
eral arteries (Yamada ef al., 1995; Yamada, Himeno, Suzuki, ef al, 
1995). Contrast enhancement increases the likelihood of detect¬ 
ing these arterial changes. Kassner ef al. (2003) found that dynamic 
T2-weighted magnetic resonance perfusion imaging could be used 
to detect regional microvascular abnormalities that may represent 
angiogenic activity. Contrast-enhanced CT also may detect the 
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Figure 62.5 MRI fluid-attenuated inversion recovery (FLAIR) images (same 
patient as Figures 62.1-62.4) show bilateral subcortical and right parietal 
infarcts. 


vascular changes deep in the cerebral hemispheres. Both CT and 
MRI will detect bleeding within the brain, ventricle, or subarach¬ 
noid space. Gradient-echo MRI may be used to detect small 
asymptomatic hemorrhages (Kikuta etal., 2005). 


Measurements of cerebral metabolism 
and blood flow 

Changes in cerebral metabolism or blood flow may be assessed 
by positron emission tomography (PET), single photon emission 
computed tomography (SPECT), xenon-enhanced CT, and func¬ 
tional MRI (Horowitz ef al., 1995; Ohara era/., 1997;Piao efnZ.,2004; 
Satoefa/., 1999; Shimizu etal., 1997;Tsuchiyaefa/., 1998;Khanand 
Yonekawa, 2005). Abnormalities include reduced cerebral blood 
flow, cerebral metabolic rate of oxygen, ratio of cerebral blood flow 
to cerebral blood volume, and cerebrovascular reserve (Piao etal., 
2004). In contrast, cerebral blood volume and the oxygen extrac¬ 
tion fraction are increased. These findings suggest that patients 
with moya-moya often have severe hemodynamic impairments. 
The changes may be enhanced by the administration of carbon 
dioxide or acetazolamide. Obara et al. (1997) reported different 
patterns of regional cerebral blood flow in reaction to hypercarbia 
among patients with moya-moya in comparison to patients with 
atherosclerotic occlusions of the ICA. They concluded that the rel¬ 
ative preservation of regional cerebral blood flow with moya-moya 
may be secondary to the presence of abundant collaterals. Rela¬ 
tive preservation of regional cerebral blood flow in the posterior 
portions of the cerebral hemispheres corresponds to the relative 
integrity of patency of the PCA. Detection of reduced blood flow 
in the occipital regions usually foretells development of stenotic 
or occlusive lesions in the vertebrobasilar territory (Yamada 
et al., 1996). The results of these studies provide data that out¬ 
line the presence, location, and severity of perfusion defects in 
both children and adults with moya-moya. The changes in blood 
flow and metabolism may precede the arteriographic and brain 
imaging abnormalities. These tests maybe used to help determine 
prognosis and develop treatment plans. For example, sequential 
deterioration of regional cerebral blood flow in a clinically sta¬ 
ble patient might prompt consideration of a revascularization 
operation before the patient has a new stroke (Nakagawara et al., 
1997). These tests also maybe used to measure hemodynamic and 
metabolic responses after reconstructive operations. 


Electroencephalography and evoked potentials 

Nonspecific abnormalities, most commonly diffuse slow activity, 
are commonly detected by electroencephalography performed 
among affected children. Hyperventilation may induce the 
“re-build-up phenomenon,” which involves a gradual decrease 
in frequency but an increase in amplitude of electrical activity 
(Kurlemann etal., 1992; Kumda et al., 1995). These changes proba¬ 
bly relate to focal reduction in perfusion reserve provoked by vaso¬ 
constriction induced by the hyperventilation (Kuroda etal., 1995). 
Prolonged latencies, reduced amplitudes, and poor wave forms 
may be detected by brainstem auditory-evoked, visual-evoked, 
or somatosensory-evoked potentials (Chen et al., 1989). In gen¬ 
eral, changes in evoked potentials correlate with clinical, vascu¬ 
lar imaging, and brain imaging findings. Abnormalities in visually 
evoked potentials correlate with involvement of the PCA, and the 
test could be used to monitor the progression of the arteriopathy 
(Tashima-Kurita etal., 1989). 


Prognosis and treatment 

In general, the prognosis of adults or children with moya-moya is 
guarded. Children with moya-moya disease have a very high risk 
for recurrent strokes that lead to cognitive decline and severe dis¬ 
ability (Kim etal., 2004). Kim etal. (2004) noted that symptomatic 
children younger than 3 years had a particularly unfavorable prog¬ 
nosis. Young adults with moya-moya also have a high risk for recur¬ 
rent strokes that lead to progressive motor, sensory, or cognitive 
impairments. The neurological sequelae often lead to dementia, 
disability, or long-term institutionalization. 

Because of the very bleak natural history of moya-moya disease 
and the lack of effective therapies to treat the primary arteriopa¬ 
thy, medical or surgical measures to prevent both hemorrhagic 
and ischemic stroke are the focus of management. At present, no 
treatment is established as effective in limiting the neurological 
morbidity of moya-moya. Performing clinical trials to test the effi¬ 
cacy of any therapy is difficult because of the low incidence and 
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prevalence of moya-moya, even in Japan. Most physicians also 
have limited experience with the disease. The diversity of clinical 
presentations and the variable course also makes a clinical trial 
complex and hard to perform. Despite these hurdles, a Japanese 
trial is planned to test the utility of extracranial-intracranial bypass 
surgery for treatment of adults with moya-moya who have had 
brain hemorrhage (Miyamoto et al., 2004). The data support¬ 
ing surgery for moya-moya syndrome are also retrospective and 
based on small sample sizes (Chiu et al. } 1998; Hallemeier et al., 
2006). 

Management of patients with ischemic symptoms secondary to 
moya-moya is similar to that prescribed to patients with stroke 
secondary to other diseases. Treatment of acute ischemic stroke 
includes acute interventions aimed at limiting the neurological 
consequences of the ischemia, measures to forestall medical or 
neurological complications, rehabilitation, and interventions to 
prevent recurrent stroke. Although some young patients with acute 
ischemic stroke likely will be treated with thrombolysis, no data are 
available about either its safety or efficacy. Because of the potential 
for intracranial bleeding, emergency administration of anticoag¬ 
ulants or thrombolytic agents may be contraindicated. Hypoxia, 
hypercarbia, and hypotension should be avoided or treated in an 
effort to limit the ischemia. In contrast, markedly elevated blood 
pressures may need to be treated because of the associated risk 
of brain hemorrhage. Because affected patients are children and 
young adults who might live for several years, rehabilitation and 
other efforts to maximize recovery are crucial. 

Patients with subarachnoid hemorrhage secondary to rupture 
of a complicating saccular aneurysm should have the aneurysm 
treated as soon as possible. Choices include surgical clipping or 
endovascular placement of coils (Arita et al., 2003; Kodama et al., 
1996). Because aneurysms usually are in the posterior circu¬ 
lation, endovascular treatment probably is preferred. Measures 
to avoid dehydration or extremes of blood pressure are impor¬ 
tant because vasospasm secondary to subarachnoid hemorrhage 
might worsen the already borderline perfusion to the brain from 
the moya-moya. There are no data about the utility of nimodip- 
ine in preventing vasospasm among patients with subarachnoid 
hemorrhage and moya-moya. The utility of drug-induced hyper¬ 
tension or other measures to improve perfusion in the setting of 
vasospasm has not been tested. No surgical intervention is pre¬ 
scribed to treat the small aneurysms that arise on the penetrating 
collateral vessels. Treatment of intraventricular or intracerebral 
hemorrhage secondary to moya-moya is similar to that pre¬ 
scribed for hematomas secondary to other causes. Because the 
hematomas usually are deep in the cerebral hemispheres, surgical 
evacuation of the lesions is difficult. 

Treatment of the underlying or associated condition is a fun¬ 
damental component of care of patients with moya-moya syn¬ 
drome. Hopefully, treatment of the concomitant disease slows the 
arterial process and it might lessen the likelihood of recurrent cere¬ 
brovascular events. For example, prevention of crises in children 
with sickle cell disease and early exchange transfusion may lessen 
the neurological consequences of moya-moya complicating the 
hemoglobinopathy. Children should be instructed to avoid activ¬ 
ities that are associated with hyperventilation. 


Factors associated with an increased risk of stroke should be 
addressed. Young women should halt use of oral contraceptives. 
Young adults should stop smoking. Hypercholesterolemia, dia¬ 
betes mellitus, and arterial hypertension also should be treated. 
Lowering of the blood pressure should be performed slowly and 
cautiously because of the strong hemodynamic vulnerability of 
ischemia. 

Because antiplatelet agents are effective in lowering the risk of 
stroke among patients with prior ischemic neurological symp¬ 
toms, these medications often are prescribed. Still, no data demon¬ 
strating their usefulness are available. Data about the relative effec¬ 
tiveness of individual antiplatelet agents are absent. In general, low 
doses of aspirin are prescribed first. Other options include clopi- 
dogrel or the combination of aspirin and dipyridamole. Because 
of the lack of utility of the combination of clopidogrel and aspirin 
and the potential for bleeding, this regimen probably should be 
avoided. Because dipyridamole does have vasodilatory effects, 
it might affect flow among patients with moya-moya. Because 
headaches are frequent among patients with moya-moya and 
because of the potential side effect of headache, the role of dipyri¬ 
damole may be limited. Because of the potential for intracra¬ 
nial hemorrhage, oral anticoagulants usually are not prescribed. 
Vasodilatory drugs and long-term volume expansion therapy are 
not effective. 

Because of the limited success from medical interventions 
and because of the high probability of recurrent strokes, sev¬ 
eral surgical interventions are recommended for both children 
and adults with moya-moya. The operations include superficial 
temporal artery-MCA anastomosis, occipital artery-MCA anasto¬ 
mosis, encephaloduroarteriosynangiosis, encephalomyosynan- 
giosis, encephalogaleosynagiosis, encephaloduroarteriomyosy- 
nangiosis, multiple cranial burr holes, and omental transposition. 
Some patients are treated with a combination of procedures that 
maybe done unilaterally or bilaterally. In addition, cervical carotid 
sympathectomy and superior cervical ganglionectomy are pro¬ 
posed treatment options. The primary aim of the operations is to 
prevent recurrent ischemia by improving blood supply to the brain 
via surgical creation of new collaterals; areas of borderline perfu¬ 
sion would receive more blood flow. In addition, the operations 
might lower the risk of bleeding from the moya-moya vessels by 
reducing pressure in these small-caliber collaterals by providing 
new channels for blood to reach the brain (Houkin et al, 1996). A 
multicenter trial testing surgery among adults with moya-moya is 
underway (Miyamoto et al., 2004). In the interim, most currently 
available data are based on case series (Fung et al., 2005; Goda 
et al., 2004; Golby et al., 1999; Han et al., 2000; Kim et al., 2004, 
2007; Nussbaum and Erickson, 2000; Reis et al., 2006; Smith and 
Scott, 2005; Yoshida ef al., 1999). 

Patients are selected for surgery on the basis of their clinical 
status as well as the evidence of poor perfusion demonstrated 
by blood flow studies. Most studies suggest a positive response 
to surgery. The risk of recurrent brain ischemia appears to be 
reduced. Kuroda et al. (2004) reported that surgery also lessens the 
likelihood of intellectual decline. Responses to revascularization 
procedures among patients who have presented with intracranial 
hemorrhage have not been as promising as those among persons 


473 



Uncommon Causes of Stroke 


who primarily had ischemic symptoms (Okada etal., 1998). Most 
studies report that perioperative morbidity is relatively low. How¬ 
ever, Fung etal. (2005) reported that the risk of stroke was approx¬ 
imately 4%, and another 6% had reversible ischemic symptoms 
in the perioperative period. Unfortunately, the operations do not 
have success in halting the primary arterial occlusive process. Fol¬ 
lowing surgery, some regression of the moya-moya collateral ves¬ 
sels has been reported (Okada etal ., 1998). No operative procedure 
has been shown to be effective in preventing rebleeding (Ikezaki, 
Han, Kawano, etal., 1997). 

Although direct arterial anastomosis is considered the best way 
to improve blood supply, the advanced state of the intracranial 
arterial disease may limit the availability of recipient vessels. 
Although direct arterial anastomoses can be used to treat chil¬ 
dren, the small caliber of both donor and recipient vessels make 
surgery a challenge. Thus, alternative operations to supply col¬ 
laterals to the cerebral hemisphere have been developed. These 
synangiosis operations involve opening the dura and placing a 
piece of tissue with a vascular blood supply on the pial surface 
of the brain. The tissue can be placed on the lateral surface of 
the hemisphere or along the interhemispheric fissure. The goal is 
to indirectly improve blood supply via angiogenesis. There is evi¬ 
dence that both donor and recipient vessels dilate after the oper¬ 
ation (Nariai etal., 1994). Adjacent meningeal arteries, including 
the middle meningeal artery, also seem to participate in develop¬ 
ing new collateral channels. Transposition or transplantation of a 
piece of omentum to the pial surface of the hemisphere also has 
been used (Ohtaki etal., 1998; Touho etal, 1996). Omental tissue 
is selected because of its potency in stimulating angiogenesis and 
improving vascularity of the brain. The omental tissue is placed on 
an extensive area of the surface of brain along with a branch of the 
superficial temporal artery or in combination with a direct anasto¬ 
mosis. Multiple calvarial burr holes could stimulate neovascular¬ 
ization of the dura surface via branches of the middle meningeal 
artery and superficial temporal artery (Kawaguchi et al., 1996). 
Some patients will have staged operations with surgery performed 
on one side of the brain and then the other. Although angioplasty 
has been used to treat multiple areas of stenosis of intracranial 
arteries in other settings, its use in moya-moya is uncertain. 

The experience to date suggests that either direct or indirect 
revascularization procedures offer the best promise in preventing 
recurrent ischemic stroke. The operations should be performed 
early in the course of the illness to lessen the likelihood of dis¬ 
abling sequelae of recurrent brain ischemia including cognitive 
impairments and mental decline. The superiority of either a direct 
approach using extracranial-intracranial arterial anastomoses or 
an indirect approach based on synangiosis is not established. Sim¬ 
ilarly, data have not established the superiority of one indirect 
revascularization operation over another. 

Conclusions 

The term moya-moya encompasses two clinical scenarios, moya- 
moya disease and moya-moya syndrome. The term moya-moya 
disease refers to an inherited disease that is most prevalent among 
persons from northeastern Asia. Although cases of moya-moya 


disease likely do occur in other ethnic groups, the frequency 
appears to be much lower. Several genetic disorders likely produce 
the phenotype of moya-moya disease; this finding is reflected by 
the two age peaks of affected persons - children and young adults. 
Presumably the several genetic abnormalities induce metabolic 
changes in endothelial cells, smooth cells, or other vascular tis¬ 
sues that lead to the progressive occlusive arteriopathy. These dis¬ 
orders also may produce a factor that promotes angiogenesis of 
smaller vascular structures. These changes produce the character¬ 
istic findings detected by vascular imaging. The course of moya- 
moya disease that becomes symptomatic in younger children 
seems to be more fulminant than that reported among older chil¬ 
dren and adults. We have described in detail the clinical presenta¬ 
tions, including both hemorrhagic and ischemic stroke. The hall¬ 
mark of moya-moya disease is its relentlessly progressive nature 
with recurrent stroke leading to cognitive impairments, profound 
disability, institutionalization, or death. 

Moya-moya syndrome remains a nonspecific diagnosis based 
primarily on the radiological findings that imitate those of moya- 
moya disease. In the future, a common thread may be identified 
that will denote a subset of patients with other intracranial arterial 
diseases who will also develop moya-moya syndrome. At present, 
the best approach is to assume that the radiological changes are 
an epiphenomenon induced by chronic ischemia secondary to 
a progressive arterial process of a wide variety of etiologies. The 
large number of associated conditions supports the concept that 
the development of the mesh of the fine collateral vessels deep 
in the cerebral hemispheres is in response to another vascular 
process. The finding of a unilateral process at the time of pre¬ 
sentation probably should raise suspicion of moya-moya syn¬ 
drome rather than moya-moya disease. Clinical presentations of 
moya-moya syndrome appear to be less stereotypical than those 
of moya-moya disease. Moya-moya syndrome appears to be rel¬ 
atively uncommon among children younger than 10 years but 
probably accounts for the majority of cases in young adults. Most 
patients outside of northeastern Asia who have the characteristic 
arteriographic findings of moya-moya probably have moya-moya 
syndrome. Although most patients with moya-moya syndrome 
have recurrent ischemic and hemorrhagic events, the prognosis 
may not be as grim as that for patients with moya-moya disease. 

Although a number of vascular diseases can lead to ischemic 
or hemorrhagic stroke in children, moya-moya should be con¬ 
sidered in the differential diagnosis of potential causes. Although 
moya-moya is a relatively uncommon cause of stroke in young 
adults, it should be included in the etiologic differential diagno¬ 
sis of subarachnoid hemorrhage, intracerebral hemorrhage, and 
cerebral infarction - especially if one of the associated conditions 
is identified or if no other obvious explanation for the stroke is 
detected. Even if the moya-moya phenomenon is detected by vas¬ 
cular imaging in a young person with a stroke, the patient should 
be assessed for other contributing causes or explanation for the 
arterial changes. 

While brain imaging, especially MRI, provides clues for the diag¬ 
nosis of moya-moya, vascular imaging, especially conventional 
arteriography, remains the standard way to assess the presence, 
location, and extent of the arterial abnormalities. Noninvasive 
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studies of blood flow and metabolism may be used to monitor 
the course of the disease and to aid in the selection of patients 
who might benefit from revascularization procedures. 

Acute treatment of ischemic stroke secondary to moya-moya 
probably does not differ considerably from the management of 
patients with stroke secondary to other causes. Treatment of 
hemorrhagic stroke in a patient with moya-moya should parallel 
that prescribed to patients with intracranial bleeding from other 
sources. 

Prevention of recurrent stroke is the focus of management of 
patients with moya-moya. Direct or indirect revascularization pro¬ 
cedures should be offered early in the course of the illness in order 
to prevent recurrent ischemic stroke. Antiplatelet agents are pre¬ 
scribed. Because of the potential of bleeding complications, oral 
anticoagulants usually are avoided. The underlying disease asso¬ 
ciated with moya-moya syndrome also is treated. Control of risk 
factors, such as hypertension and smoking, also is recommended. 
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DIIATATIVE ARTERIOPATHY (D0LICH0ECTASIA) 

Louis R. Caplan and Sean I. Savitz 


Dolichoectasia describes enlarged, tortuous, and dilated arteries. 
Because dilatation seems to be the most important feature, the 
conditionis now often referred to as dilatativearteriopathy. Dilata¬ 
tion can be so severe that portions of the artery become a fusiform 
aneurysm. 

Location and pathogenesis of stroke 

Dilatative arteriopathy involves preferentially the intracranial ver¬ 
tebral and basilar arteries. Figures 63.1 and 63.2 are examples of 
tortuous elongated vertebrobasilar arteries. Carotid and middle 
cerebral artery ectasia occurs but much less often. Elongation 
and angulation of the intracranial arteries can stretch and dis¬ 
tort the orifices of arterial branches leading to decreased blood 
flow, especially in penetrating branches of the large arteries, caus¬ 
ing, for example, basilar artery branch territory infarcts in the 
pons (Passero and Filosomi, 1998; Pessin et al., 1989). Transcra- 
nial Doppler studies of dolichoectatic arteries show reduced mean 
blood flow velocities, with relatively preserved peak flow velocities 
(Hennerici etal, 1987; Schwartz et al., 1993). Blood flow is often to 
and fro within the dilated artery causing reduced antegrade flow 
(Hennerici etal., 1987; Schwartz etal., 1993). 

Reduced flow can lead to stagnation of the blood column and 
thrombus formation within dilated arterial segments (De Georgia 
etal., 1999; Pessin etal., 1989). Extensive atherosclerotic plaques, 
often with calcification, encroachment on the lumen of penetrat¬ 
ing arteries that branch from the parent artery, and thrombus for¬ 
mation, are often found at autopsy. On microscopic examination, 
there are often fibrotic changes in the vessel wall, with reduced 
muscularis and attenuated, fragmented, or absent elastica (Pico 
et al., 2003; Shokunbi et al., 1988). Thrombi often form due to 
reduced blood flow in portions of the dilated lumens. Luminal 
thrombi may obstruct arterial branches, and portions of the clot 
can embolize distally (De Georgia et al., 1999; Pessin etal., 1989). 
Brain ischemia, either transient or persistent, results. Occasion¬ 
ally the thin dilated arteries break, leading to subarachnoid and 
brain hemorrhage (De Georgia etal., 1999; Kubis etal., 2003; Pessin 
etal., 1989). 

Compression of brain structures 

Tortuous elongated arteries can compress and distort brain struc¬ 
tures especially in the medulla and pons. Stretching of cranial 
nerves exiting the brainstem can lead to irritative symptoms such 
as trigeminal pain, hemifacial spasm (Garibaldi and Miller, 2003), 



Figure 63.1 Vertebrobasilar angiogram (anteroposterior view), showing dilated 
tortuous left vertebral and basilar arteries. 

vertigo, and tinnitus. Loss of cranial nerve function including 
numbness in the fifth nerve distribution, facial palsy, deafness, 
and so on, can develop. Lower cranial nerve neuropathies are 
also common (Castelnovo etal., 2003). Rarely, the dilated arteries 
can compress the third ventricle, contributing to hydrocephalus. 
There are also reports that describe compression of the pons and 
the medulla (Savitz et al., 2006) by dilated and tortuous vertebral 
and basilar arteries. Figure 63.3 shows an example of medullary 
compression by a very large curved vertebral artery. Patients with 
brainstem compression can present with transient symptoms or 
permanent deficits. Motor and vestibulocerebellar features are the 
most common clinical presentations (Savitz et al., 2006). There 
is poor correlation, however, between radiographic features and 
symptoms (Savitz etal., 2006). 

In our experience, some patients have had recurrent episodes, 
mostly vestibulocerebellar, that can occur for years without the 
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Figure 63.2 Vertebrobasilar angiogram (anteroposterior view and subtraction 
technique), showing very irregular dilated aneurysmal right vertebral and 
basilar arteries. 


patient necessarily developing a stroke. Hemorrheologic and sys¬ 
temic vascular factors could explain these attacks, or they could 
be explained by reduced antegrade perfusion through dilated 
arteries that already show compromised fragile levels of brain 
perfusion. 


Occurrence, pathology, and associations 

Approximately one patient in eight who has brain imaging has 
some increase in the length and diameter of intracranial arter¬ 
ies (Pico et al., 2004; Smoker et al., 1986). Although most often 
recognized in adults, dilatative arteriopathy also occurs in chil¬ 
dren and adolescents. Hereditary factors probably play an impor¬ 
tant role, especially in young persons. In one family, three broth¬ 
ers all had large fusiform basilar artery aneurysms, and all had 
a-glucosidase deficiency (Makos et al., 1987). Autopsy in an 
11-year-old girl who died from a ruptured dolichoectatic basilar 
artery aneurysm showed that the artery had large gaps in the inter¬ 
nal elastic lamina with only short segments of elastica remaining 
in some regions (Read and Esiri, 1979). The pathology in other 
young patients with dolichoectasia has shown deficiencies in the 
muscularis and internal elastic lamina with irregular thickness 
of the media, multiple gaps in the internal elastica, and regions 
of fibrosis. At times, the intima is thickened, and there is severe 
elastic tissue degeneration and an increase in the vasa vasorum 
(Hirsch and Roessmann, 1975). Dolichoectasia occurs in young 



Figure 63.3 (a) Axial MRI using fluid-attenuated inversion recovery (FLAIR) 
techniques showing very large right vertebral artery compressing the medulla; 
(b) coronal view; (t) sagittal view showing the relationship of the dilated 
vertebral artery to the medulla oblongata. 


patients with Marfan’s syndrome (Silverman etal ., 2000; Zambrino 
et al., 1999) and in Ehlers-Danlos syndrome. Children with AIDS 
and Fabry’s disease (Mitsias and Levine, 1996) and children and 
adults with sickle cell disease also may develop dolichoectatic 
intracranial arteries and fusiform aneurysms. Genetic, infec¬ 
tious, inflammatory, immunological, and degenerative factors all 
may cause or contribute to the formation and progression of 
dolichoectasia. 
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Association with vascular risk factors and 
penetrating artery territory brain infarcts 

Amarenco and colleagues collected long-term epidemiological 
data on intracranial dolichoectasia, which they defined based on 
the consensus of subjective visual impression of two neurologists 
and an independent systematic reading in which the lateral posi¬ 
tion and height of bifurcation of the basilar artery was quantified 
and the diameters of the seven main intracranial arteries measured 
with a lens. Their GENIC (Etude du Profil Genetique de llnfarctus 
Cerebral) studies found that dilatative arteriopathy is associated 
with older age, male sex, hypertension, a history of myocardial 
infarction, and an increased diameter of the thoracic aorta (Pico 
etal., 2003). 

Patients with dolichoectasia have also been found to have lacu¬ 
nar infarcts, severe leukoaraiosis, and severe etat crible (dilated 
Virchow-Robin spaces around penetrating arteries) (Pico et al., 
2005). White matter lesions and lacunar infarcts are generally 
attributed to disease of small penetrating intracranial arteries. 
Therefore, intracranial dolichoectasia is likely part of a systemic 
disorder involving large arteries, but is also associated with micro¬ 
scopic arterial disease. 


The link between abnormal connective 
tissue in penetrating arteries and white 
matter abnormalities 

The media and adventitia of large extracranial and intracranial 
arteries are composed of smooth muscle and elastic tissue in a 
connective tissue matrix. Small penetrating arteries have promi¬ 
nent medial coats. A common abnormality involving elastic fibers 


or connective tissue matrix could affect both large brain-supplying 
and penetrating arteries. 

Penetrating arterial pathology involves thickening of the arte¬ 
rial media that contains abnormal amounts of fibrinoid material 
and lipids. Dilatative arteriopathy and penetrating arterial disease 
are similar in that they are both diseases of the arterial wall rather 
than intimal-endothelialopathies. Much less research has been 
directed at the arterial media and adventitia than on the intima 
and endothelium. Abnormal connective tissue within the arterial 
wall affects biochemical constituents such as matrix metallopro- 
teinases. Abnormal composition of matrix metalloproteinases can 
alter vascular permeability. 

Rosenberg et al. (2001) and Pfefferkorn and Rosenberg, (2003) 
showed that disease of the arterial media is accompanied 
by up-regulation of matrix metalloproteinases (Pfefferkorn and 
Rosenberg, 2003; Rosenberg et al., 2001). Increased activity of 
matrix metalloproteinases makes small arteries more permeable 
and loosens the blood-brain barrier. In patients with severe white 
matter disease, extracellular matrix macromolecules are found in 
increased concentrations around lacunar infarcts and within the 
abnormal white matter (Rosenberg etal., 2001). Loosening of the 
blood-brain barrier can permit proteins and fluid to leak from the 
abnormal walls of the penetrating arteries and can lead to chronic 
demyelination, gliosis, and white matter damage - leukoariosis 
(Rosenberg etal., 2001; Wardlaw etal., 2003). 

Many questions remain: How do the connective tissue abnor¬ 
malities cause arterial dilatation? How does abnormal function 
of the arterial wall lead to dilatation and clinical disease? Further 
study of arterial dolichoectasia may yield important clues to many 
present cerebrovascular mysteries. 
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PARADOXICAL EMBOLISM AND STROKE 

Cyrus K. Dastur and Steven C. Cramer 


Introduction 

Paradoxical embolism can take many forms but generally refers to 
a venous clot that passes through an intracardiac shunt and pro¬ 
duces an ischemic stroke. Convincing demonstration that a para¬ 
doxical embolism has unequivocally occurred is uncommonly 
present, so it is considered a rare cause of stroke. However, increas¬ 
ing attention to specific components of paradoxical embolism 
pathophysiology suggests that this might in fact be a common 
cause of stroke; for example, direct evidence comes from new 
methods for diagnosing venous thrombi, and indirect evidence 
comes from the increased study of patients with patent foramen 
ovale (PFO). Increased study is needed to clarify the precise fre¬ 
quency with which paradoxical embolism is the pathophysiologi¬ 
cal mechanism underlying ischemic stroke. 

Paradoxical embolism refers to a circulatory event whereby 
material arising from the venous circulation passes paradoxically 
to the arterial circulation, as in the case of stroke, to the cere¬ 
bral arterial circulation. The phenomenon was first described 
by Cohnheim (1877). Any material potentially found in venous 
blood can cause a paradoxical embolic stroke, including throm¬ 
bus, fat, air, bone marrow, and amniotic fluid. There are impor¬ 
tant differences in pathogenesis among these different materi¬ 
als, for example, in the manner by which the substance accesses 
the arterial circulation (Horowitz, 2002; Koessler and Pitto, 2002; 
Parisi et al., 2002). However, the most frequently cited substances 
in this context are thrombi, and this chapter is restricted to this 
form. 

The diagnosis of a paradoxical embolus can be confidently made 
only when four requirements are met (Chant and McCollum, 2001; 
Ward et al., 1995): 

1. A venous thrombus as source. Note that in conditions such as 
stroke, where a potentially paradoxical embolism can result in 
new venous thrombi, the venous thrombus must be reason¬ 
ably distinguished as being a cause rather than a consequence 
(Cramer etal., 2003), as discussed below 

2. An anatomical conduit from venous to arterial circulation such 
as a PFO or atrial septal defect 

3. A pressure gradient that promotes venous to arterial passage 

4. A thrombus in the arterial circulation 

The first two are the topic of increasing focus in medicine and 
are discussed below. The third is very common, albeit transiently, 
across the cardiac cycle (Adams, 2004). For example, a right-to-left 
cardiac pressure gradient is generated during coughing or the 


Valsalva maneuver (Dubourg etal., 1984), a fact that occasionally 
raises the question of paradoxical embolism when stroke arises 
during urination or defecation. The fourth, for stroke, is the cere¬ 
bral arterial circulation although a paradoxical embolism can end 
up in any number of recipient arterial beds (Georgopoulos et al., 
2001; Loscalzo, 1986; Thompson and Evans, 1930; Ward et al. } 
1995). 

Cryptogenic stroke 

Confirmation that a stroke is attributable to paradoxical embolism 
is uncommon; rarely are all four of the above criteria diagnosed 
with high certainty. Likely, a fraction of occurrences of paradoxi¬ 
cal embolism are instead classified as cryptogenic stroke. Clues 
as to the cause and treatment of paradoxical embolic stroke 
might therefore come from literature pertaining to cryptogenic 
stroke. 

Cryptogenic strokes are those in which an established patho¬ 
physiological mechanism is not found (Mohr, 1988). This is a com¬ 
mon situation. Thus, across all patients with ischemic stroke, 30%- 
40% are cryptogenic (Albers et al., 2001; Mohr et al., 1978, 2001; 
Sacco et al., 1989; The National Institute of Neurological Disor¬ 
ders and Stroke rt-PA Stroke Study Group, 1995; The Publications 
Committee for the Trial of ORG 10172 in Acute Stroke Treatment 
[TOAST] Investigators, 1998). 

Furthermore, the fraction of strokes that remains cryptogenic 
after careful evaluation is increased in younger stroke patients. 
For example, one study found that the fraction of ischemic strokes 
that are cryptogenic in patients age 20-45 is 31% higher than that 
in patients older than 45 years (Jacobs et al., 2002). In a study of 
patients <55 years old, no cause for stroke was apparent in 64% of 
them (Cabanes etal., 1993). 

Cryptogenic stroke likely represents a number of different dis¬ 
ease processes. However, some lines of evidence listed below sug¬ 
gest that a significant subset of cryptogenic strokes might actually 
be attributable to paradoxical embolism. Chief among these is the 
increased prevalence of a PFO in patients with cryptogenic stroke 
(Overell etal., 2000). 

PFO 

Anatomic closure of the foramen ovale normally follows func¬ 
tional closure after birth, but autopsy studies have found that a 
patent interatrial communication remains in a fraction of healthy 
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subjects. An early autopsy study (Thompson and Evans, 1930) 
found that 6% of subjects had a PFO that was pencil patent (> 5 mm 
in diameter) and 29% of subjects had a PFO that was probe patent 
(2-5 mm). More recently, Hagen et al. (1984) found that, across 
all subjects at autopsy, 27.3% of subjects had a PFO with a mean 
diameter of 5 mm. This study also found that subjects younger 
than 30 years had a higher prevalence of PFO (34.3%), suggesting 
that the impact of any disease processes directly related to a PFO 
may be greater in younger patients. 

Echocardiographic studies have varied in their estimates of PFO 
prevalence among healthy subjects, but the frequencies are gen¬ 
erally lower than those found in autopsy studies. This finding sug¬ 
gests that echocardiography has reduced sensitivity for identifying 
PFO as compared to anatomical inspection. Note too that echocar¬ 
diographic methods not only underestimate the prevalence, they 
also underestimate the size of PFOs. (Schuchlenz, Weihs, Beitzke, 
et al, 2002) The prevalence of PFO found in most echocardiog¬ 
raphy studies of healthy subjects has been between 10% (Fechat 
etal., 1988) and 22% (Hausmann ef a/., 1992). 

A PFO has been found to be present more often in patients with 
cryptogenic stroke than in patients with stroke of determined ori¬ 
gin (Cabanes et al., 1993; Di Tullio et al, 1992; Hausmann et al., 
1992; Homma etal., 1994, 2002; Jeanrenaud etal., 1990; Job etal., 
1994; Klotzsch et al., 1994; Lechat et al., 1988; Petty et al. } 1997; 
Ranoux et al., 1993; Steiner et al., 1998) or in healthy controls 
(Cabanes etal., 1993; de Beider etal., 1992; De Castro etal., 2000; 
Hausmann etal., 1992; Job etal., 1994; Lechat et al., 1988; Webster 
et al., 1988). This finding has been confirmed in both young and 
aged patient populations (de Beider et al, 1992; Di Tullio et al, 
1992). However, not all studies support this association; for exam¬ 
ple, Meissner et al. (2006), in a prospective, population-based 
study of 585 randomly sampled subjects examined by a single 
echocardiographer, found that the presence of a PFO was not a 
predictor of stroke over a 5-year period. 

Some of the uncertainty regarding the relationship between PFO 
and cryptogenic stroke might be, in part, because of methodologi¬ 
cal differences between studies (Petty ef al., 1997). For example, dif¬ 
ferences in methods of studying patients with cryptogenic stroke 
have resulted in a wide range of prevalence rates reported for PFO, 
from20% (Jones etal, 1994) to 78% (Klotzsch ef al, 1994), although 
the majority of studies report rates of 42%-57%. Variance from the 
latter range is largely related to two factors. First, the association 
appears to be weaker for transient ischemic attack (TIA) than for 
stroke. Thus most studies enrolling patients with TIA have the 
lowest rates (20%-26%) of PFO in cryptogenic stroke patients (de 
Beider etal., 1992; Jones etal., 1994). Second, the choice of contrast 
agent influences sensitivity for detecting PFO. Most studies using 
contrast agents besides saline agitated with air have the highest 
rates (66%-78%) of PFO in cryptogenic stroke patients (Job etal., 
1994; Klotzsch etal., 1994). 

Other factors can influence sensitivity for detecting PFO. Trans¬ 
esophageal echocardiography (TEE) has approximately twofold 
greater sensitivity for diagnosing PFO as compared to transtho¬ 
racic echocardiography (TTE) (Hausmann et al, 1992; Lethen 
et al, 1997), although the addition of harmonic imaging using 
saline contrast can increase the sensitivity of TTE (Ha etal., 2001). 


Transcranial Doppler (TCD) has sensitivity that approaches that of 
TEE (Droste etal., 2002; Klotzsch etal., 1994; Stendel etal., 2000), 
but decreased specificity. While TCD provides less information on 
cardiac structure than does echocardiography, it is more sensitive 
to extracardiac right-to-left shunts. 

The choice of vein used to introduce echocardiographic contrast 
also influences the sensitivity for detecting a PFO. Blood entering 
the right atrium via the inferior vena cava (IVC) is more directed 
towards the interatrial septum region where a PFO is found, as 
compared to blood entering the right atrium via the superior vena 
cava. Studies have been consistent in finding a 2.5-fold increase in 
diagnostic sensitivity for a PFO when agitated saline contrast was 
injected via the femoral vein rather than the antecubital vein (Gin 
etal., 1993; Hamann etal., 1998). 

The coexistence of other cardiac findings increases the strength 
of association between PFO and paradoxical embolism. For exam¬ 
ple, a PFO with concomitant atrial septal aneurysm (ASA) is also 
found more often in patients with cryptogenic stroke, particularly 
younger patients, and when both are present the risk of stroke 
recurrence increases sharply (Overell etal., 2000). A dual diagno¬ 
sis of PFO and ASA may have a particularly important association 
with stroke recurrence (Mas etal., 2001; Messe etal., 2004). Some 
authors have suggested that an ASA may in part be a reflection 
of a larger PFO size (Schuchlenz, Saurer, and Weihs, 2002). Oth¬ 
ers have speculated that this association is based on a flapping 
motion of the ASA that directs small thrombi coming from the 
IVC into a PFO (De Castro et al, 2000). Persistence of a promi¬ 
nent eustachian valve and right atrial filamentous strands have 
also been associated with increased association of PFO with para¬ 
doxical embolism (Schneider etal., 1995). The ASA also could pro¬ 
mote local thrombosis at the site of dilatation of the atrial septal 
bulge. 

A number of factors suggest that a significant fraction of crypto¬ 
genic strokes might be due to paradoxical embolism. The obser¬ 
vation that cryptogenic stroke has in most studies been associ¬ 
ated with an increased prevalence of PFO is one line of support 
for a model whereby a PFO is a conduit for a paradoxical throm¬ 
boembolism to the brain. Clinical characteristics commonly found 
in patients with cryptogenic stroke provide further support for 
this model. Thus, a second link between cryptogenic stroke and 
paradoxical embolism is that the topography of cerebral infarct 
in patients with cryptogenic stroke and PFO is often suggestive 
of an embolic mechanism (Sacco etal., 1989; Steiner etal., 1998). 
Note that paradoxical emboli show a relatively high rate of involve¬ 
ment of the posterior circulation (Steiner etal., 1998). Third, sev¬ 
eral studies suggest that PFO size is greater in patients with cryp¬ 
togenic stroke than in normal subjects or patients with stroke of 
determined origin (Hausmann et al, 1995; Homma et al, 1994, 
2002; Petty etal., 1997; Schuchlenz etal., 2000; Steiner etal., 1998; 
Webster et al, 1988). However, PFO size is not related to risk of 
stroke recurrence (Homma etal., 2002; Kerut etal., 2001). Fourth, 
the prevalence of PFO patency at rest, i.e. without induction of a 
Valsalva-related pressure gradient, may be greater in patients with 
stroke than in control subjects (De Castro et al, 2000). Fifth, on 
rare occasion, a thrombus can be imaged as it traverses a PFO 
(Aggarwal etal., 2002). 


484 



Paradoxical embolism and stroke 


Deep venous thrombosis 

A sixth line of evidence supporting a model whereby crypto¬ 
genic stroke arises on the basis of a paradoxical embolism passing 
through a PFO is that some studies show an increased prevalence 
of lower extremity deep venous thrombosis (DVT) in this sub¬ 
population. Gautier etal. (1991) performed venography 2 days to 
7 months after cryptogenic TIA or stroke and found that 3 of 23 
patients with PFO had leg DVT and three others had left common 
iliac vein compression. Ranoux et al. (1993) performed venogra¬ 
phy within 4 weeks of cryptogenic stroke and found that 1 of 13 
patients with PFO had a leg DVT. Lethen et al. (1997) performed 
venography an average of 8 days after TIA or stroke of suspected 
cardiac origin, and found that 5 of 53 patients with PFO had iliac 
or calf DVT. Cramer et al. (2004) found that 9 of 46 patients with 
cryptogenic stroke and PFO studied with MRI venography (MRV) 
an average of 2 days after stroke had evidence for a pelvic DVT. 
Another study (Stollberger etal., 1993) found a leg or pelvic DVT in 
19 of 29 patients with PFO and a cryptogenic arterial, mostly cere¬ 
bral, embolus; however, five patients in this study had atrial fibril¬ 
lation as an alternative explanation for the embolic event, a rather 
high 13 of 29 patients had a history of prior venous thrombosis, and 
venograms were performed up to 90 days after the embolic event 
occurred, which might have captured the presence of poststroke 
DVTs that were a consequence, rather than a cause, of stroke. These 
concerns highlight some of the pitfalls in examining the relation¬ 
ship between PFO and cryptogenic stroke. We have defined a stan¬ 
dard for relating PFO and cryptogenic stroke on a “probable” basis 
(Cramer etal., 2003), as reviewed below. 

Note too that PFO and right-to-left intracardiac shunts have 
been linked with other brain disorders including migraine (Tobis 
and Azarbal, 2005) and cerebral complications of scuba divers, 
astronauts, and aviators (Foster etal., 2003). 

Of course, the presence of a PFO in association with crypto¬ 
genic stroke could also reflect pathophysiological events other 
than paradoxical embolism, such as direct embolization from a 
thrombus formed within a PFO or associated ASA, or an associ¬ 
ated atrial arrhythmia (Ay et al., 1998; Berthet et al., 2000; Lamy 
etal., 2002; Overell etal., 2000). 

There are a number of limitations in interpreting data linking 
DVT with PFO-related stroke. Most studies addressing this point 
have evaluated only a subset, rather than a consecutive cohort, of 
stroke patients. Also, many studies have evaluated only part of the 
lower extremity venous system, or have used methods with lim¬ 
ited sensitivity in portions of the lower extremity venous system. 
Another frequent limitation has been the absence of an appro¬ 
priate control group, an important concern given the substantial 
increase in DVT prevalence that is found beginning approximately 
day 4 poststroke (Kelly et al., 2001; Warlow et al., 1976). These 
observations might explain why reported rates of DVT have varied 
so widely in prior studies of patients with PFO and cryptogenic 
stroke. 

That venous thromboembolism occurs commonly in humans is 
not in doubt; indeed, estimates are that 600 000 incidents of pul¬ 
monary embolism occur each year in the United States (Fedullo 
and Tapson, 2003). That PFO is common in humans is also not in 


doubt. Whether the venous system has been consistently and sen¬ 
sitively interrogated in patients with PFO and cryptogenic stroke, 
however, is not clear. Thus it is possible that a thromboembolic 
source has rarely been found in patients with cryptogenic stroke 
because previously employed methods have lacked the sensitivity 
to consistently detect all relevant venous thrombi. Clinical diagno¬ 
sis of DVT is unreliable (Kearon and Hirsh, 1994). Contrast venog¬ 
raphy and ultrasonography are sensitive to DVT in the thigh but 
not in the pelvis (Bergqvist and Bergentz, 1990). The sensitivity of 
contrast venography for pelvic vein pathology can be improved by 
selectively cannulating these veins (Wheeler and Anderson, 1995), 
but this has infrequently been done because of the invasiveness 
of this procedure. 

Data on prothrombotic states bolster the link between DVT 
and cryptogenic stroke. Bendixen et al. (2001), in a study of 1943 
patients with stroke, concluded that prothrombotic states are a 
particularly important consideration in patients 15-35 years of 
age. Hypercoagulable disorders have been reported to be more 
common in younger patients with stroke (Chaturvedi, 1998; Dodge 
et al., 2004; Tatlisumak and Fisher, 1996). Consistent with this, 
Pezzini etal. (2003) found that PFO played a pathogenic role in 36 
of 125 young (mean age 35 years) patients with ischemic stroke. 
Among these 36 with PFO, the prevalence of a prothrombotic 
genetic variant, particularly the prothrombin G20210 A variant, 
was significantly increased as compared to patients in whom PFO 
was either absent or unrelated to stroke. 

Venous thrombus sources with low impact on the 
lungs might have high impact on the brain 

Diagnosis of a venous thrombus would influence the likelihood of 
diagnosing a cryptogenic stroke as due to paradoxical embolism, 
but venous evaluation is often incomplete. One issue that may 
be particularly important in this regard is evaluation of calf veins. 
Isolated calf vein DVT is more common than DVT in any other 
site following stroke (Landi et al., 1992; Warlow et al., 1976) and 
at autopsy (Havig, 1977a), and so also may be important before 
stroke. Proximal propagation may occur in 20%-28% of calf vein 
DVTs (Lohr et al., 1995; Philbrick and Becker, 1988). Emboliza¬ 
tion can occur without propagation. For example, an isolated calf 
DVT was found at autopsy in 36%-46% of patients with pulmonary 
embolism (Havig, 1977b). Emboli from calf vein thrombi tend 
to be small and asymptomatic on reaching the lung (Hirsh and 
Hoak, 1996; Salzman, 1986), and in general medical practice, little 
emphasis is placed on treatment of calf vein DVT when extension 
to popliteal veins has not occurred (Kearon etal., 1998). 

A paradigmatic shift in thinking about calf vein thromboemboli 
may be needed when the final vascular bed is cerebral rather than 
pulmonary. That is, an embolus from a calf vein might be of little 
physiological significance upon reaching the pulmonary circula¬ 
tion, but of highly clinical significance upon reaching the cere¬ 
bral circulation (Mohr, 1988). DVT from calf veins may not be rare 
and, although of little significance to the lungs, can cause serious 
brain injury upon reaching the arterial circulation. A recent case 
series described several cryptogenic stroke patients with a calf vein 
DVT and PFO in whom the calf DVT was established as the cause 
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of stroke on a probable basis (Cramer et al., 2003). The high fre¬ 
quency of calf vein thromboemboli might be reasonably ignored 
when assessing embarrassment to pulmonary physiology, but in 
the setting of a right-to-left intracardiac shunt with cryptogenic 
brain embolism, this process requires more consideration. 

Another issue of possible importance in the context of PFO and 
paradoxical stroke is evaluation ofthepelvic veins. Autopsy studies 
have shown isolated pelvic vein or IVC thrombus in 16% of patients 
with pulmonary emboli [Modem etal., 1972), and in autopsy stud¬ 
ies of patients with a paradoxical embolism, the pelvic veins were 
the only source of thromboemboli in 22% of patients (Corrin, 
1964; Johnson, 1951). A consecutive study of 769 MRI venograms 
(Spritzer et al., 2001) found that 20% of the 167 DVTs identified 
were isolated to the pelvic veins. Pelvic DVTs have been described 
in patients with cryptogenic pulmonary embolism (Au etal., 2001; 
Loud etal., 2001; Stern etal., 2002) and in patients with cryptogenic 
stroke with PFO (Cramer et al., 1998, 2003; Greer and Buonanno, 
2001; Noser etal., 2001). 

The Paradoxical Embolism from Large Veins in Ischemic Stroke 
(PELVIS) study (Cramer etal., 2004) performed a pelvic MRVwithin 
72 hours of stroke onset in young (18- to 60-year-old) consecutive 
stroke patients at five US academic centers. Testing to identify 
the cause of stroke was later performed during hospitalization. 
This study was designed to test the hypothesis that patients with 
cryptogenic stroke have an increased prevalence of pelvic DVTs as 
compared to patients with stroke of determined origin. This time 
cutoff of 72 hours was selected to minimize the influence of DVT 
arising after stroke onset. The age cutoff was selected to focus on 
young stroke patients given that the link between PFO and crypto¬ 
genic stroke is strongest in this group (Overell etal. , 2000). Enrolled 
patients had a mean age of 46 years. The PELVIS study found that 
patients with cryptogenic stroke (n = 46), compared to those with 
stroke of determined origin [n = 49), showed several significant dif¬ 
ferences, including younger age, higher prevalence of PFO (61% 
vs. 19%), and fewer atherosclerosis risk factors. Most importantly, 
cryptogenic patients had more MRV scans with a high probability 
for pelvic DVT (20%) than did patients with stroke of determined 
origin (4%, p <.03), with most of these having an appearance of 
a chronic DVT. The most commonly involved pelvic vein was the 
external iliac vein, followed by the common iliac vein, consistent 
with a prior report of pelvic DVT distribution in a more general 
population (Spritzer et al., 2001). A limitation of this study was 
that inter-rater reliability for MRV interpretation was not high. 

Superficial lower extremity veins have been associated with pul¬ 
monary embolism in a surprising proportion of cases, up to 33% 
[Leon etal., 2005; Unno etal., 2002; Verlato etal., 1999). This result 
suggests that this venous system might be an important source of 
paradoxical thromboembolism. Any venous system that can give 
rise to pulmonary emboli, including the cerebral dural sinuses 
(Cakmak etal., 2005), could potentially be a source of paradoxical 
emboli. 

Further studies are needed to understand the significance of 
calf, pelvic, and other DVT in the pathogenesis of PFO-associated 
cryptogenic stroke. In some institutions, lower extremity venous 
duplex examinations do not include study of calf veins, but iden¬ 
tification of such small DVTs might be necessary in the context 


of cryptogenic stroke. Imaging the pelvic veins traditionally has 
been limited. Bilateral contrast venography and other diagnos¬ 
tic methods have reduced diagnostic sensitivity for pelvic DVT 
(Bergqvist and Bergentz, 1990; Kelly et al., 2001; Wheeler and 
Anderson, 1995). MRV was of diagnostic value in the PELVIS 
study (Cramer etal., 2004), but inter-rater reliability was not high. 
A number of investigators are now examining improved meth¬ 
ods to image lower extremity/pelvic veins, including gadolinium- 
enhanced MRV (Obernosterer et al., 2002), MR direct thrombus 
imaging (Fraser et al., 2002), venous enhanced subtracted peak 
arterial MRV (Fraser et al., 2003), CT venography (Au et al., 2001; 
Loud et al., 2001), and signal-enhanced Doppler (Puls et al. , 1999). 

Pulmonary embolism and paradoxical embolism 

The incidence of paradoxical embolism in patients with acute 
pulmonary embolism has been estimated to be as high as 60% 
(Loscalzo, 1986). There is little controversy in the assertion that 
most pulmonary emboli occur due to venous thromboembolism, 
yet the proportion of pulmonary emboli that are classified as cryp¬ 
togenic, i.e. in which no source of venous thrombus can be iden¬ 
tified, might be as high as 23% (Loud etal., 2001) to 50% (Fedullo 
and Tapson, 2003). 

Right heart pressures often increase in parallel with pulmonary 
embolism, suggesting that a venous thromboembolic shower 
could increase the likelihood of paradoxical embolism. Data from 
one study support this hypothesis (Miller et al., 1997). Also, 
patients with coexistent PFO and acute pulmonary embolism 
(whether the latter is hemodynamically significant or not) have 
elevated right-sided cardiac pressures. These cause an increase in 
right-to-left shunting through a PFO and a higher chance of further 
emboli migrating through the PFO to the cerebral arterial circu¬ 
lation (Maldjian et al., 2006; Miller et al., 1997). Consistent with 
this, among patients with pulmonary embolism, the rate of stroke 
is significantly higher when PFO is present (Konstantinides et al., 
1998). 

Therapeutic considerations 

When the presence of a paradoxical embolism is confirmed 
with high confidence, standard therapeutic responses to both 
the venous source of thrombus as well as the arterial embolus 
are invoked. However, in most cases, evidence for a paradoxical 
embolism is circumstantial and/or incomplete, and uncertainties 
in treatment exist at several levels. 

The rate of stroke recurrence after a cryptogenic stroke is 
unclear, further complicating clinical decision making. In patients 
with cryptogenic stroke and/or TIA, reported annual rates of recur¬ 
rence have included 16% (Comess et al., 1994), 5.4% (De Castro 
et al., 2000), 3.4% (Mas etal., 1995), and 3.8% in one study where 
84% of strokes were cryptogenic (Bogousslavsky etal., 1996). Mas 
et al. (2001) found a stroke recurrence rate of 1% when both PFO 
and ASA were absent versus 3.8% when both were present. A recent 
large, prospective study found that the combined annual rate of 
death or recurrent ischemic stroke among patients with crypto¬ 
genic stroke was 7.8% (Mohr et al., 2001), although a substudy 
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found that the annual rate of death or recurrent stroke after a cryp¬ 
togenic stroke was not significantly different when PFO was (7.2%) 
or was not (6.4%) present (Homma et al., 2002). A recent meta¬ 
analysis concluded that “PFO is not associated with increased risk 
of subsequent stroke or death among medically treated patients 
with cryptogenic stroke. Flowever, both PFO and ASA possibly 
increase the risk of subsequent stroke (but not death) in medi¬ 
cally treated patients younger than 55 years” (Messe et al., 2004). 
Future studies might examine the hypothesis that specific sub¬ 
groups of patients with PFO and stroke can be identified in whom 
the risk of stroke recurrence is increased (Tong and Becker, 2004). 

When concern for paradoxical embolism as the cause of stroke is 
high, several therapeutic options are available for secondary stroke 
prevention including antiplatelet agents, anticoagulation, and clo¬ 
sure of the PFO via either a transcatheter or surgical approach. 
The risk-to-benefit ratio among these choices, however, remains 
unclear (McGaw and ffarper, 2001; Wu etal., 2004). 

Flowever, confidence that a cryptogenic stroke is because of 
paradoxical embolism is more often modest. Treatment of stroke 
in such a setting therefore remains controversial. Some experts rec¬ 
ommend that secondary stroke prevention in a patient with a cryp¬ 
togenic stroke, with or without PFO, is satisfactorily achieved with 
an antiplatelet agent (Albers etal., 2004). Retrospective data sug¬ 
gest the possibility that warfarin could be superior to antiplatelet 
therapy (Orgera etal., 2001). Consistent with this, one model sug¬ 
gests that, if the estimated risk of paradoxical stroke recurrence is 
>0.8% per year, secondary stroke prevention should be achieved 
with either anticoagulation or PFO closure (Nendaz et al., 1998). 
PFO closure also has been advocated by some, and is under study 
in clinical trials (Furlan, 2004; Hara etal., 2005). 

Secondary stroke prevention in a patient with ischemic stroke 
and PFO remains unclear. Our approach to therapeutic decision 
making in the setting of ischemic stroke often involves prescrip¬ 
tion of an antiplatelet medication. The highest support for PFO 
closure is when a concomitant ASA is present. Warfarin is indi¬ 
cated only if a specific therapeutic target is present, such as a pro- 
thrombotic state, concomitant pulmonary embolism, or ischemic 
stroke arising from a DVT passing through a PFO as a paradoxical 
embolism on a probable basis. We have defined “probable basis" 
(Cramer etal., 2003) as a diagnosis of a DVT less than 4 days (War- 
low etal., 1976) after stroke onset in the presence of a right-to-left 
intracardiac shunt such as PFO. Therefore, in this context, diag¬ 
nostic evaluation should include imaging of the venous circulation 
including calf, popliteal, femoral, and pelvic veins. Hematological 
evaluation for both venous and arterial hypercoagulable states is 
included. 

Conclusions 

Cryptogenic stroke remains a common diagnosis, PFO is likely 
present with increased frequency in this setting, and several lines 
of evidence suggest a role of a PFO in stroke pathogenesis. These 
facts particularly pertain to younger stroke patients. Together, 
these data suggest that paradoxical embolism might account for an 
important fraction of ischemic strokes and be far from rare. How¬ 
ever, further studies are needed in patients with cryptogenic stroke 


and PFO, such as those related to prothrombic states, venous 
thrombosis, and thromboembolism recurrence, in order to clarify 
the frequency with which a paradoxical embolism has occurred. 
A paradigmatic shift in thinking about DVT in the small lower 
extremity veins, such as calf veins, may be needed, as emboli of 
no significance to the lung could, upon reaching the arterial circu¬ 
lation, cause substantial brain ischemia and disability. Preventing 
TLA, stroke, and death after a diagnosis of cryptogenic stroke may 
be best guided by a better understanding of the various patho¬ 
physiologies underlying PFO-associated cryptogenic stroke. 
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FIBROMUSCULAR DYSPLASIA 

Louis R. Caplan 


Fibromuscular dysplasia (FMD) was first described in 1938 in 
the renal arteries as a cause of arterial hypertension in a patient 
with unilateral kidney disease who had “an intraluminal mass of 
smooth muscle” (Leadbetter and Burkland, 1938; Sandok, 1989; 
Slovut and Olin, 2004). More than two decades later, McCor¬ 
mack et al. (1958, 1966) described the renal artery pathology of 
FMD. For many years, fibromuscular disease was assumed to 
be limited to the renal arteries. Palubinskas and Ripley (1964) 
were the first to report the angiographic appearance of FMD in 
extrarenal arteries. Their patient had involvement of the celiac 
artery and an angiographic lesion in an internal carotid artery 
(ICA). A year later, Javid (1965) first furnished histological proof 
of FMD in a carotid artery (Sandok, 1983). Connett and Lansche 
(1965) were the first to describe the radiological appearance of 
carotid artery FMD in a patient in whom the disease was confirmed 
pathologically. 

FMD is probably not a single disease but may be a general 
term for a variety of different conditions that affect the arte¬ 
rial walls. FMD is a nonatheromatous multifocal condition now 
known to affect almost any systemic or brain-supplying artery, but 
this condition has special predilection for specific arterial sites. It 
tends to involve medium-sized muscular arteries, especially renal, 
splanchnic, and cervicocranial arteries. FMD is most often local¬ 
ized to the distal two-thirds of the renal arteries and the segments 
of the distal extracranial vertebral and carotid arteries adjacent to 
the second cervical vertebra (Josien, 1992; Watanabe etal., 1993). 
More rarely, FMD can involve the cavernous part of the carotid 
arteries and the arteries of the Circle of Willis. 


Pathology 

The arterial lesions consist of multiple, small saccular dilata¬ 
tions caused by areas of fragmentation of the arterial media 
with rings of fibrous and muscular hyperplasia (Corrin et al., 
1981). Slavin and Gonzales-Vitale (1976) first described an arte¬ 
rial lesion found in splanchnic arteries characterized patholog¬ 
ically by lysis of the arterial media, gap formation in the arte¬ 
rial wall, aneurysms, and dissecting hematomas. Similar lesions, 
since then, have been extensively documented in other systemic 
and cervico-cranial arteries (Eskenasy-CoUier et al., 1994; Slavin et 
al., 1989,1995). Although originally termed “segmental mediolytic 
arteritis,” it later became clear that the lesion was not because of 
arterial inflammation and that it was a characteristic pathology in 
extracranial and intracranial lesions of FMD (Slavin etal., 1995). 


FMD can involve any or all of the three layers of the arterial wall, 
but disease of the arterial media is the most common and impor¬ 
tant form. Three subtypes of the condition have been described. 
An adventitial form is characterized by narrowing of the vascu¬ 
lar lumen by fibrous tissue hypertrophy surrounding an artery, 
and an intimal form is characterized by an increase in the fibrous 
components of the intima producing concentric narrowing of the 
arterial lumen. This form accounts for about 5% of cases and 
occurs mostly in children and adolescents, equally among boys 
and girls (Corrin et al., 1981). The most common form of FMD 
affects the media. Constricting bands composed of fibrous dys- 
plastic tissue and proliferating smooth muscle cells in the media 
alternate with areas of luminal dilatation related to medial thin¬ 
ning and disruption of the elastic membrane (Luscher etal, 1987; 
Sandok, 1983,1989). These abnormalities produce the character¬ 
istic “string-of-beads” appearance on arteriography. The medial 
form is by far the most common and occurs predominantly in 
women. 

Frequency and angiographic appearance 

FMD occurs predominantly in Caucasian women, mostly in the 
4th to 6th decade of life. Children are also affected but less often 
(Lemahieu and Marchau, 1979; Sandok 1989). Infants have pre¬ 
sented with fatal brain hemorrhages related to severe hyperten¬ 
sion induced by aortic and renal artery FMD (Currie et al, 2001; 
Kaneko et al., 2004). Other children have had renal, splanchnic, 
and cervico-cranial fibromuscular lesions similar to those found 
in adults (DiFazio et al., 2000; Lemahieu and Marchau, 1979; 
Sandok, 1989). 

In the cervico-cranial circulation, FMD is reported in <1% of 
nonselected consecutive cerebral arteriograms (Corrin ef al., 1981; 
Sandok, 1989; So et al., 1981). The frequency of cephalic FMD in 
reported series ranges from 0.25% to 0.77% (Corrin et al., 1981; 
Harrington etal., 1970; Momose and New, 1973; Sandok, 1989; So 
et al., 1981). Among almost 14 000 angiograms performed at the 
Mayo Clinic and its affiliated hospitals, there were 82 instances of 
carotid FMD, a frequency of 0.6% (Corrin etal., 1981). There is no 
reliable information about its true frequency in patients evaluated 
for stroke. This blood vessel abnormality is most often reported 
in middle-aged women. Bilateral ICA involvement is common; 
abnormalities usually involve the pharyngeal portion of the artery 
and extend from the level of Cl proximally 7-8 cm, with sparing of 
the carotid bifurcation and the intracranial carotid artery. Twenty 
percent of patients have coexistent fibromuscular disease of the 
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Figure 65.1 (a) Carotid angiogram (lateral view) showing prominent contractions of FMD (white arrows) in the pharyngeal carotid artery, (b) Subtraction cerebral 
carotid angiogram (anteroposterior view) showing string-of-beads appearance of FMD (black arrows) in the carotid artery above the bifurcation. 


vertebral arteries in the neck (Corrin etal., 1981). Intracranial FMD 
also occurs, but is much less common. 

The most common finding is alternating zones of widening and 
narrowing of the arterial lumen on angiograms - the so-called 
string of beads appearance (Sandok, 1983; Slovut and Olin, 2004; 
Woldenberg et al., 1997). Figures 65.1 and 65.2 show this typical 
appearance in lesions in the carotid and vertebral arteries in the 
neck. Dilatations in the artery are wider than the normal lumen 
and are separated from each other by sharply localized regions of 
vasoconstriction. Other types of appearances are also found. Some 
patients with typical string-of-beads lesions also have focal areas 
of tubular constriction and diverticulum-like aneurysmal dilata¬ 
tions. Hypertrophy of fibrous tissues in the adventitia or intima 
cause segmental areas of stenoses that can appear as shelves, 
ridges, or webs in the artery (Kubis etal, 1999; Osborn and Ander¬ 
son, 1977; Soetal., 1979;Watanabeefa/., 1993). Somepatients with 
fibrous septa and webs have had typical string-of-beads abnor¬ 
malities in the pharyngeal carotid arteries on angiography, but 
some have not had other obvious changes characteristic of FMD. 
Occasionally, patients have had band-like shelves or diaphragms 
within greatly enlarged carotid bulbs in the neck; superimposed 


thrombi are sometimes present in these “megabulbs” (Kubis etal., 
1999). 


Underlying conditions and associations 

The most neurologically important associated conditions are 
intracranial aneurysms and arterial dissections. Intracerebral 
hemorrhages can develop because of the severe hypertension 
that sometimes accompanies renal artery FMD. FMD is often 
associated with aneurysms of the intracranial arteries. In one 
series among 37 patients with FMD, 19 patients had a total of 
25 aneurysms (Mettinger and Ericson, 1982). In another series of 
79 patients, 10 (12.6%) had intracranial aneurysms (Corrin etal., 
1981). Renal artery aneurysms are also well known in patients with 
renal artery FMD (Case records of the Massachusetts General Hos¬ 
pital, 1990). The frequency of detection of aneurysms will clearly 
depend on the indications for angiography; angiography for sub¬ 
arachnoid hemorrhage, brain ischemia, and conditions unrelated 
to stroke will result in very different frequencies of intracranial 
aneurysm detection. 
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Figure 65.2 Vertebral artery angiogram (lateral view) showing FMD lesions 
(white arrows) in the distal portion of the extracranial vertebral artery. 


Spontaneous cervical and intracranial artery dissection is an 
important complication of FMD (Ashleigh etal., 1992; Baumgart¬ 
ner and Waespe, 1993; Bour et al., 1992; Eskanasy-Cottier et al., 
1994; Galalica et al. } 1992; Goldstein, 1982; I lugenhollz el al., 1982; 
Nishiyama et al., 1992; Shulze et al. } 1992; Watanabe et al., 1993). 
Renal artery FMD is also sometimes complicated by dissections 
in the renal artery. Zardkoohi and Flaupert (2007) suggest that 
the clinical syndrome of acute abdominal pain, systemic signs, 
and hypertension is a presentation of FMD that is more common 
in men than in women. Coronary artery FMD can also be com¬ 
plicated by coronary artery dissection and myocardial infarction 
(Huizar etal., 2006; Lie and Berg, 1987). 

The first descriptions of the relationship between FMD and arte¬ 
rial dissection appeared in the early 1980s. Goldstein (1982), in a 
single case report, described a 31-year-old woman who developed 
brainstem ischemia during a game of softball. The left cervical ver¬ 
tebral artery was irregularly narrowed beginning 2 cm beyond its 
origin until the level of C2. Goldstein commented on a “string 
of beads or wave-like appearance of the lumen.” Hugenholtz 
etal. (1982) reported a 44-year-old woman who had cervical pain 
accentuated by turning the neck. Headache, vomiting, and tran¬ 
sient bouts of hypertension (but no neurological symptoms or 
signs) were present. Angiography showed an irregular appearance 
of the cervical vertebral artery with a dissecting aneurysm at the 
C4-C6 level; analysis of the surgical specimen confirmed exten¬ 
sive fibromuscular degeneration with medial dysplasia and a dis¬ 
section (Hugenholtz et al., 1982). In many patients with dissec¬ 
tion, foci of FMD are found angiographically in other regions or 


proximate to the dissections. FMD has also been shown at autopsy 
in patients dying with cervico-cephalic arterial dissections. 

Atherosclerotic-appearing lesions are also found in patients 
with FMD, but it is unclear how much the disorder of medial 
elastic and fibromuscular tissue promotes the development of 
atherosclerotic disease. 

Clinical features 

The diagnosis of FMD is occasionally made at the time of eval¬ 
uation of patients who present with subarachnoid hemorrhage. 
FMD also predisposes patients to arterial dissections with related 
stroke syndromes. FMD is often discovered when patients present 
with a stroke related to arterial dissection. Although most FMD 
vascular lesions are asymptomatic, this vascular abnormality can 
cause brain ischemia. 

In some patients who present with transient or persistent brain 
ischemia, FMD affecting an artery appropriate to explain the 
brain imaging and clinical findings is the only vascular abnor¬ 
mality found. The lumen may not appear severely compromised 
in these patients. The mechanism of the distal ischemia in this 
circumstance is unknown. Functional changes in vessel contrac¬ 
tion (vasoconstriction) could lead to distal hypoperfusion. Altered 
blood flow with stasis could lead to thrombus formation and dis¬ 
tal intra-arterial embolism. Either white platelet-fibrin thrombi or 
red erythrocyte-fibrin thrombi could form in regions of the artery 
affected by FMD. Alternatively, local dissections could precipitate 
thrombus formation. 

A striking observation in series of patients with cervico-cranial 
FMD is the relative benignity of the condition. Even in patients who 
present with strokes, further vascular episodes are unusual and 
much less frequent than in patients with atherosclerotic vascular 
lesions (Patman et al., 1980; Sandok 1989; Stewart etal., 1986; Wells 
and Smith 1982; Wesen and Elliott 1986). In one large series, among 
79 patients with carotid artery FMD, only three brain ischemia 
episodes developed during an average follow-up period of 5 years 
(Corrin etal., 1981). 

Imaging diagnosis of FD 

Most diagnoses have been made using standard dye-contrast 
angiography. Zones of alternating vasoconstriction and vasodi¬ 
latation are most typical-the so-called string of beads appearance. 
Localized tubular dilatations, focal constrictions, webs, shelves, 
and other focal regions of altered contractility are well-known 
manifestations seen on angiography. Tubular stenoses, diverticu¬ 
lar appearance, and aneurysmal dilatation are sometimes found. 

CT angiography (CTA) and MR angiography (MRA) also can 
identify FMD lesions (Ashleigh etal., 1992; Heiserman etal., 1992; 
Shulze etal., 1992; Woldenberg etal., 1997).Forpatients suspected 
of having FMD after duplex examination, MRA may avoid the need 
for conventional arteriography. 

However, there are no large series that compare the diagnostic 
capability of these modalities versus standard catheter angiogra¬ 
phy. Because the lesions are usually well above the carotid artery 
bifurcation, ultrasound has been less effective in diagnosis than in 
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patients with atherosclerotic lesions at the bifurcation. Occasional 
cervical FMD lesions have been diagnosed using Duplex ultra¬ 
sound (Edell and Huang, 1981; Perren etal., 2004). Duplex ultra¬ 
sound is effective in showing and following the renal arterial FMD 
lesions (Slovut and Olin, 2004). 

Treatment 

Insufficient data are available to warrant rational therapeutic sug¬ 
gestions. Antiplatelet agents and anticoagulants have been pre¬ 
scribed to prevent recurrent episodes of brain ischemia, but the rel¬ 
atively benign natural history of FMD makes it difficult to know the 
effectiveness of these agents. Surgeons in the past have repaired 
the cervical lesions (Chiche etal., 1997; Ehrenfeld and Wylie, 1974; 
Kelly and Morris, 1982; Moreau etal., 1993). More recently, angio¬ 
plasty with dilatation of the artery (Starr etal., 1981) and stenting 
(Assadian et al., 2005; Finsterer et al., 2000; Meyers et al., 2006) 
have been used to treat the fibromuscular lesions in the neck. The 
relative merits of medical, surgical, and endovascular treatment 
have not been formally studied. 

A recent personal case has made me aware of the potential use of 
calcium-channel blockers. A patient of mine who had had angio¬ 
plasty of a unilateral shelf-like stenosing lesion of the pharyngeal 
portion of one carotid artery developed, years later, a similar lesion 
in the contralateral carotid artery. An exploratory angiogram was 
performed prior to planned angioplasty-stenting of the lesion. 
After introducing the treating devices into the carotid artery, a 
second injection of dye showed that the lesion had temporar¬ 
ily disappeared. Clearly the shelf-like protrusion was because of 
hypercontractility. Because smooth muscle contraction is related 
to calcium entry, treatment with calcium-channel blockers such 
as verapamil, nimodipine, and nicardipine seems to me to be a 
logical approach. After this experience with my patient, I have 
routinely prescribed calcium-channel blockers and antiplatelets 
for patients who have FMD and related brain ischemia, but I have 
no data about the utility of this approach. 

I usually prescribe antiplatelet aggregating agents but rarely use 
anticoagulants or recommend surgical repair or mechanical dila¬ 
tion of the arteries. I often prescribe calcium-channel blockers to 
prevent vasoconstriction. If the patient is hypertensive, the renal 
arteries should be studied. When FMD is found on angiography, 
CTA, or MRA, standard arteriography is warranted to exclude asso¬ 
ciated intracranial aneurysms. 

Conclusion 

Most research and clinical interest has been directed at atheroscle¬ 
rotic disease of the intima and subintima of arteries. Little is 
known about the other portions of the arterial wall. Clearly, dis¬ 
ease of the artery walls can lead to altered contractility, dilatation 
with aneurysm formation, and tears with intramural hematomas. 
The disorder called FMD is pathologically heterogenous and may 
occur as a result of a variety of different etiologies that share 
abnormalities of connective tissue. The collagen, elastic tissue, 
and extracellular matrix can be involved. Knowledge of these 


disorders of vascular connective tissue is, at present, unfortunately 
rudimentary. 

REFERENCES 

Ashleigh, R. J., Weller, J. M., and Leggate, J. R. 1992. Fibromuscular hyperplasia 
of the internal carotid artery. A further cause of the ‘Moya-moya’ collateral 
circulation. Br JNeurosurg, 6,269-73. 

Assadian, A., Senekowitsch, C., Assadian, O, et al. 2005. Combined open 
and endovascular stent grafting of internal carotid artery fibromuscular 
dysplasia: long term results. Eur J Vase Endovasc Surg, 29, 345-9. 

Baumgartner, R. W., and Waespe, W. 1993. Behandelbare erkrankungen des 
nervensystems mit kataraktbildung. Klin Monatsbl Augenheilkd, 202, 
89-93. 

Bour, P., Taghavi, I., Bracard, S., Frisch, N., and Fieve, G. 1992. Aneurysms of the 
extracranial internal carotid artery due to fibromuscular dysplasia: results 
of surgical management. Ann Vase Surg, 6, 205-8. 

Case records of the Massachusetts General Hospital: Case 9-1990. 1990. N Engl 
J Med, 322, 612-22. 

Chiche, L., Bahnini, A., Koskas, F., etal. 1997, Occlusive fibromuscular disease 
of arteries supplying the brain: results of surgical treatment. Ann Vase Surg, 
11,496-504. 

Connett, M. C., and Lansche, J. M. 1965. Fibromuscular hyperplasia of the inter¬ 
nal carotid artery: report of a case. Ann Surg, 162, 59-61. 

Corrin, L. S., Sandok, B. A., and Houser, O. W. 1981. Cerebral ischemic events 
in patients with carotid artery fibromuscular dysplasia. Arch Neurol, 38, 
616-8. 

Currie, A. D. M., Bentley, C. R., and Bloom, R A. 2001. Retinal hemorrhage and 
fatal stroke in an infant with fibromuscular dysplasia. Arch Dis Child, 84, 
263-4. 

DiFazio, M., Hinds, S. R. 2nd, Depper, M., Tom, B., and Davis, R. 2000. Intracranial 
fibromuscular dysplasia in a six-year old child: a rare cause of stroke. J Child 
Neurol, 15, 559-62. 

Edell, S. L., and Huang, P. 1981. Sonographic demonstration of fibromuscular 
hyperplasia of the cervical internal carotid artery. Stroke, 12, 518-20. 

Ehrenfeld, W. K., and Wylie, E. J. 1974. Fibromuscular dysplasia of the internal 
carotid artery: surgical management. Arch Surg, 109,161-6. 

Eskenasy-Cottier, A. C., Leu, H. J., Bassetti, C., et al. 1994. A case of dissection 
of intracranial cerebral arteries with segmental mediolytic “arteritis." Clin 
Neuropathol, 13, 329-37. 

Finsterer, J., Strassegger, J., Haymerle, A., and Hagmuller, G. 2000. Bilateral stent¬ 
ing and asymptomatic internal carotid artery stenosis due to fibromuscular 
dysplasia. J Neurol Neurosurg Psychiatry, 69, 683-6. 

Gatalica, Z., Gibas, Z., and Martinez-Hernandez, A. 1992. Dissecting aneurysm 
as a complication of generalized fibromuscular dysplasia. Hum Pathol, 23, 
586-8. 

Goldstein, S. J. 1982. Dissecting hematoma of the cervical vertebral artery: case 
report. J Neurosurg, 56,451-4. 

Harrington, O. B., Crosby, V G., and Nicholas, L. 1970. Fibromuscular hyperplasia 
of the internal carotid arteries. Ann Thorac Surg, 9, 516-24. 

Heiserman, J. E., Drayer, B. P., Fram, E. K., and Keller, P. J. 1992. MR angiography 
of cervical fibromuscular dysplasia. AJNRAmJNeuroradiol, 13,1454-7. 

Hugenholtz, H., Pokrupa, R., Montpetit, V. J. A., et al. 1982. Spontaneous dis¬ 
secting aneurym of the extracranial vertebral artery. Neurosurgery, 10, 
96-100. 

Huizar, J. F., Awasthi, A., and Kozman, H. 2006. Fibromuscular dysplasia and 
acute myocardial infarction: evidence for a unique clinical and angiographic 
pattern. J Invasive Cardiol, 18, E99-101. 

Javid, H. 1965. Discussion of Hill LD, Antonius JL. Arterial dysplasia. Arch Surg, 
90, 595. 

Josien, E. 1992. Extracranial vertebral artery dissection: nine cases. / Neurol, 239, 
327-30. 

Kaneko, K., Someya, T., Ohtaki, R., etal. 2004. Congenital fibromuscular dysplasia 
involving multivessels in an infant with fatal outcome. Eur J Pediatr, 163, 
241-4. 

Kelly, T. F. Jr., Morris, G. C. Jr. 1982. Arterial fibromuscular disease: observations 
on pathogenesis and surgical management. Am J Surg, 143, 232-6. 


494 





Fibromuscular dysplasia 


Kubis, N., von Langsdorrff, D., Petitjean, C., et al. 1999. Thrombotic carotid 
megabulb: fibromuscular dysplasia, septae, and ischemic stroke. Neurol¬ 
ogy, 52, 883-6. 

Leadbetter, W. F., and Burkland, C. E. 1938. Hypertension in unilateral renal 
disease. / Urol, 39, 611-26. 

Lemahieu, S. F., andMarchau, M. M. B. 1979. Intracranial fibromuscular dysplasia 
and stroke in children. Neuroradiology, 18,99-102. 

Lie, J. T., and Berg, K. K. 1987. Isolated fibromuscular dysplasia of the coronary 
arteries with spontaneous dissection and myocardial infarction. Hu Pathol, 
18, 654-6. 

Luscher, T. F., Lie, J. T., Stanson, A. W., etal. 1987. Arterial fibromuscular dysplasia. 
Mayo Clin Proc, 62, 931-52. 

McCormack, L. J., Hazard, J. B., and Poutasse, E. F. 1958. Obstructive lesions of 
the renal artery associated with remediable hypertension. Am J Pathol, 34, 
582. 

McCormack, L. J., Poutasse, E. F., Meaney, T. F., Noto, T. J. Jr., and Dunstan, H. P. 
1966. A pathologic-arteriographic correlation of renal arterial disease. Am 
Heart J, 72, 188-98. 

Mettinger, K., and Ericson, K. 1982. Fibromuscular dysplasia and the brain. 
Stroke, 13, 46-52. 

Meyers, P. M., Schumacher, H. C., Higashida, R. T., Leary, M. C., Caplan, L. R. 
2006. Use of stents to treat extracranial cerebrovascular disease. Ann Rev 
Med, 57, 437-54. 

Momose, K. J., and New, P. F. 1973. Non-atheromatous stenosis and occlusion of 
the internal carotid artery and its main branches. Am J Roentgenol Radium 
Ther Nucl Med, 118, 550-66. 

Moreau, R, Albat, B., and Thevenet, A. 1993. Fibromuscular dysplasia of the inter¬ 
nal carotid artery: long term surgical results. J Cardiovasc Surg, 34, 465-72. 

Nishiyama, K., Fuse, S., Shimizu, J., Takeda, K., and Sakuta, M. 1992. A case of 
fibromuscular dysplasia presenting with Wallenberg syndrome, and devel¬ 
oping a giant aneurysm of the internal carotid artery in the cavernous sinus. 
Rhinsho Shinkeigaku, 32,1117-20. 

Osborn, A. G., and Anderson, R. E. 1977. Angiographic spectrum of cervical and 
intracranial fibromuscular dysplasia. Stroke, 8, 617-26. 

Palubinskas, A. J., Ripley, H. R. 1964. Fibromuscular hyperplasia in extrarenal 
arteries. Radiology, 82, 451-5. 

Patman, R. D., Thompson, J. E., Talkington, C. M., Garrett, W. V 1980. Natural 
history of fibromuscular dysplasia of the internal carotid artery. Stroke, 11, 
135. 

Perren, F., Urbano, L., Rossetti, A. O. et al. 2004. Ultrasound image of a single 
symptomatic carotid artery stenosis disclosed as fibromuscular dysplasia. 
Neurology, 62, 1023-4. 


Sandok, B. A. 1983. Fibromuscular dysplasia of the internal carotid artery. In 
Neurologic Clinics, Vol 1, H. J. M. Barnett (ed.), Philadelphia: Saunders, 17- 
26. 

Sandok, B. A. 1989. Fibromuscular dysplasia of the cephalic arterial system. In 
Handbook of Clinical Neurology, Vol 11 (55). Vascular diseases, part 111. 
J. F. Toole (ed.), Amsterdam: Elsevier Science Publishers, 283-92. 

Shulze, H. E., Ebner, A., and Besinger, U. A. 1992. Report of dissection of the 
internal carotid artery in three cases. NeurosurgRev, 15, 61-4. 

Slavin, R. E., Cafferty, L., and Cartwright, J. 1989. Segmental mediolytic arteritis: 
a clinicopathologic and ultrastructural study of two cases .Am J Surg Pathol, 
13, 558-68. 

Slavin, R. E., and Gonzalez-Vitale, J. C. 1976. Segmental mediolytic arteritis: a 
clinical pathologic study. Lab Invest, 35, 23-9. 

Slavin, R. E., Saeki, K., Bhagavan, B., and Maas, A. E. 1995. Segmental arte¬ 
rial mediolysis: a precursor to fibromuscular dysplasia. Mod Pathol, 8, 
287-94. 

Slovut, D. R, and Olin, J. W. 2004. Fibromuscular dysplasia. N Engl J Med, 350, 
1862-71. 

So, E. L., Toole, J. F., Dalai, P., etal. 1981. Cephalic fibromuscular dysplasia in 32 
patients. Arch Neurol, 38, 619-22. 

So, E. L., Toole, J. F., Moody, D. M., and Challa, V. R. 1979. Cerebral embolism from 
septal fibromuscular dysplasia of the common carotid artery. Ann Neurol, 
6, 75-8. 

Starr, D. S., Lawrie, G. M., and Morris, G. C. Jr. 1981. Fibromuscular disease of 
carotid arteries: long term results of graduated internal dilatation. Stroke, 
12,196-9. 

Stewart, M. T., Moritz, M. W., Smith, R. B. Ill, Fulenwider, J. T., and Perdue, G. D. 
1986. The natural history of carotid fibromuscular dysplasia. J Vase Surg, 3, 
305-10. 

Watanabe, S., Tanaka, K., Nakayama, T., and Kazneko, M. 1993. Fibromuscular 
dysplasia at the internal carotid origin: a case of carotid web. No Shinkei 
Geka, 21, 449-52. 

Wells, R. R, and Smith, R. R. 1982. Fibromuscular dysplasia of the internal carotid 
artery: a long term follow-up. Neurosurgery, 10, 39-43. 

Wesen, C. A., and Elliott, B. M. 1986. Fibromuscular dysplasia of the carotid 
arteries. Am J Surg, 151,448-51. 

Woldenberg, R., Holz, A., Black, K., etal. 1997. Fibromuscular dysplasia: a com¬ 
parison of 2D time-of-flight magnetic resonance angiography, 3D time-of- 
flight magnetic resonance angiography and catheter angiography. J Neu- 
rovascDis, 2, 74-8. 

Zardkoohi, O., and Haupert, G. T. Jr. 2007 Scarce among men. Am J Med, 120, 
136-9. 


495 





PART VII: VENOUS OCCLUSIVE CONDITIONS 

CEREBRAL VENOUS SINUS THROMBOSIS 

Manu Mehdiratta, Sandeep Kumar, Magdy Selim, and Louis R. Caplan 


Cerebral venous sinus thrombosis (CVST), although a relatively 
rare cause of stroke, is important to diagnose and treat early 
because of the significant morbidity and mortality associated with 
it. Diagnosis can be challenging as there are often a wide range of 
symptoms and signs, many of which are nonspecific in nature. 
In order to make the diagnosis of CVST, the physician must have 
enough clinical suspicion and thus order the appropriate investi¬ 
gations. Radiological studies are essential in making the diagnosis. 
If appropriate treatment is instituted soon after symptom onset, 
neurological outcomes are better than in arterial stroke. 

Epidemiology 

The annual incidence rate of CVST is approximately 3-4 cases per 
million. In children, the incidence can be as high as seven cases 
per million (Stam, 2005). It is likely that the true incidence is much 
higher, especially in developing countries where it may not be 
possible to definitively diagnose the condition. CVST causes 1%- 
9% of all deaths because of stroke and cerebrovascular disease, 
according to autopsy studies (Biousse and Bousser, 1999). 

CVST tends to affect younger patients, who have fewer tradi¬ 
tional risk factors, than do arterial infarcts. The mean age ranges 
from the mid 30s to 40s. Among young adults who develop 
CVST, 70%-80% of cases affect young women (de Bruijn, 1998; 
deVeber and Andrew, 2001; Ferro etal., 2004). This is likely because 
of predisposing factors in this group such as oral contraceptive 
use and pregnancy and peripartum states, which are known to 
increase blood coagulability. Recent studies have shown that the 
risk of developing CVST is higher during the third trimester of preg¬ 
nancy and postpartum. Peripartum and postpartum CVST occur 
at a frequency of about 12 cases per 100 000 deliveries (Lanska and 
Kryscio, 2000). 

CVST also occurs in infants with dehydration and in the elderly 
who have concomitant disease causing a hypercoagulable state. 

Predisposing factors 

A hypercoagulable risk factor is found in approximately 85% of 
patients with CVST (Stam, 2005). In most cases, an environmental 
risk factor such as pregnancy, which is known to increase coagula¬ 
bility, contributes to CVST in a genetically susceptible individual. 
The risk factors for CVST (such as venous stasis, hypercoagula¬ 
bility, or damage to the vascular endothelium through extrinsic 
compression or invasion of venous sinuses) affect various aspect 
of Virchow’s triad. 


In women, common predisposing risk factors include preg¬ 
nancy, postpartum states, and the use of oral contraceptives 
(Cantu and Barinagarrementeria, 1993; Lanska and Kryscio, 2000). 
Postpartum venous sinus thrombosis appears to be especially 
common in Mexico and India. Poverty, a vegetarian diet, and ane¬ 
mia are all posited to cause hyperhomocysteinemia and hyperco¬ 
agulability, increasing the risk of venous occlusions. Studies have 
shown that the oral contraceptive pill can be prothrombotic and 
(especially in patients with a genetic susceptibility, such as Fac¬ 
tor V Leiden or prothrombin gene mutation), can lead to CVST 
(Ludemann etal., 1998; Martinelli etal., 1998). 

Infections such as mastoiditis and otitis can lead to occlusion 
of the transverse and sigmoid sinuses; this is seen especially in 
children (deVeber and Andrew, 2001). Meningitis can also lead to 
occlusion of adjacent sinuses. 

Hematologic and inflammatory conditions contributing to 
hypercoagulability are also associated with CVST, especially in 
patients with Factor V Leiden mutation, protein C and S defi¬ 
ciency, prothrombin gene mutation, and anti-thrombin III defi¬ 
ciency. Other hematologic conditions associated are thrombocy¬ 
tosis, anti-phospholipid antibody syndrome, polycythemia vera, 
and paroxysmal nocturnal hemoglobinuria. Iron deficiency ane¬ 
mia can also promote venous and dural sinus thrombosis and 
may be a contributory factor to puerperal occurrences. Inflam¬ 
matory conditions, such as ulcerative colitis and Crohn’s disease, 
increase acute phase reactants promoting venous thrombosis. 
Patients with Behcet’s disease also have an increased risk of devel¬ 
oping CVST (Bousser et al., 1985; Kumral, 2001; Wechsler el al., 
1992). 

Neoplasms can invade the dura mater and cause occlusion of 
the adjacent dural sinuses. This occurs most often in patients 
with meningiomas. Tumors that invade the skull, for example, 
breast cancer and myeloma, can spread to the subjacent dura 
and dural sinuses. CVST can also follow traumatic injury to the 
venous sinuses or jugular veins after neurosurgical or other pro¬ 
cedures. Patients with dural arteriovenous fistulas are sometimes 
shown to have accompanying thrombosis of dural venous sinuses 
and draining veins. The venous thrombosis can predispose to the 
development of a fistula, and fistulas can be the cause of subse¬ 
quent venous thrombosis. 

Occasionally CVST follows lumbar puncture or spontaneous 
cerebrospinal fluid (CSF) leaks. One posited mechanism explain¬ 
ing this occurrence is that low CSF pressure causes a down¬ 
ward shift of the brain with increased pressure on the cerebral 
veins and sinuses. This pressure may compress the venous walls 
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fable 66.1 Frequency of various clinical findings in patients with intracranial venous thromboses in some series 


Clinical 

finding 

C&B, 1993 

puerper 

n = 67 

C&B, 1993 

nonpuer 

n = 46 

Ameri and 

Bousser, 1992 

n = 110 

Einhaupl 

etal., 1990 

n = 71 

Tsai etal., 

1995 

n — 29 

B&B, 

1992 

n = 76 

Daif etal., 

1995 

n = 40 

de Bruijn 

etal., 2001 

n — 59 

Ferro etal, 

2004 

n — 624 

Headache 

59 (88%) 

32 (70%) 

83 (75%) 

63/69 (91%) 

9 (31%) 

61 (80%) 

33 (82%) 

56 (95%) 

553 

Seizures 

40 (60%) 

29 (63%) 

41 (37%) 

34 (48%) 

3 (10%) 

22 (29%) 

4 (10%) 

28 (47%) 

(88.1%) 

245 (39.3) 

Focal findings 

53 (79%) 

35 (76%) 

57 (52%) 

47 (66%) 

9 (31%) 

34 (48%) 

11 (27%) 

27 (46%) 

n/a 

Altered 

42 (63%) 

27 (59%) 

33 (30%) 

40 (56%) 

27 (93% 

18 (27%) 

4 (10%) 

32 (54%) 

87 (13.9) 

conscious 

Papilledema 

27 (40%) 

24 (52%) 

54 (49%) 

19 (27%) 

2 (7%) 

38 (50%) 

32 (80%) 

23 (41%) 

174 (28.3) 


increasing the risk of thrombosis (Wilder-Smith et al., 1997). 
Low-CSF-pressure venous sinus thrombosis is especially diffi¬ 
cult to diagnose, as these patients often present with a headache 
similar to that seen after lumbar puncture. The headache 
accompanying CVST continues to worsen early on in the dis¬ 
ease course, whereas a post-lumbar-puncture headache usually 
improves. 

Pathophysiology 

CVST causes obstruction of both major veins and sinuses within 
the cerebrum. These usually occur in tandem, but each has its 
own secondary effect. The occlusion of cerebral veins leads to 
brain edema, venous infarction, and hemorrhage. Occlusion of 
larger cerebral venous sinuses results in increased intracranial 
pressure from impaired venous outflow and decreased absorp¬ 
tion of CSF through the arachnoid villi. Under normal circum¬ 
stances, CSF is eventually transported into the major draining 
dural sinuses, but in patients with CVST the pressure in the sinuses 
is increased, resulting in impaired absorption of CSF. The CSF 
retention further contributes to increased intracranial pressure 
and, in some patients, leads to a pseudotumor cerebri syndrome. 
The pseudotumor syndrome is most often found in patients with 
lateral sinus occlusions. When multiple dural sinuses are occluded, 
raised intracranial pressure becomes a very important clinical 
concern. 

Raised venous pressure causes a failure of drainage and results in 
increased pressure in the arteries that supply the region drained 
by the occluded venous system. This pressure can be transmit¬ 
ted to the arterioles and veins leading to bleeding. Failure to 
adequately perfuse the region of increased pressure can lead to 
brain infarction. The increased venous pressure and inadequate 
drainage causes fluid to accumulate in the brain much like blocked 
street drains during a rainstorm leads to fluid piling up on the 
street. Brain edema in patients with CVST can be both cytotoxic 
and vasogenic. Often areas drained by blocked veins and dural 
sinuses contain an admixture of edema, infarction, and hemor¬ 
rhage. At autopsy, patients who died with CVST usually have gross 
brain findings of dilated veins, brain edema, ischemic neurons, 
and evidence of hemorrhage. 


Clinical features 

Symptoms vary with cause and location of the venous occlusion. 
Table 66.1 shows the frequency of various findings in large series of 
patients reported by different authors. Ffeadache is the most com¬ 
mon presenting complaint in patients with CVST. Fleadache is 
seen in more than 90% of adult patients with CVST. Headache 
is explained by two major factors - the local process within the 
veins and dural sinuses, and increased intracranial pressure. The 
dura mater, overlying skull, and the venous sinuses are invested 
with pain-sensitive fibers unlike the brain itself. Distention of the 
sinuses (especiallywhenbecauseofinflammation) activates these 
pain-sensitive fibers. The headache can occur suddenly, as in sub¬ 
arachnoid hemorrhage, or gradually increase over the course of 
a few days (de Bruijn et al., 1996). Headache may precede neu¬ 
rological symptoms and signs by days or even weeks. Headache 
may be the only symptom or sign of CVST. In one large study, 17 
(13.8%) of 123 consecutive patients with cerebral venous throm¬ 
bosis and normal brain imaging, and CSF analysis had headache as 
the only symptom (Cumurciuc etal., 2005). The authors reviewed 
the clinical findings among these patients compared to those who 
had other findings. Fifteen had involvement of the lateral sinus. 
The onset of headache was progressive in 11, acute in three, and 
thunderclap in three. Once established, the headache continued 
unabated in 15. Headache was diffuse in four and unilateral in 13 
(Cumurciuc etal., 2005). 

Seizures are also common, occurring in up to 40% of patients 
with CVST (Stam, 2005). Seizures can be focal or generalized and 
rarely may result in status epilepticus. Although diminished level 
of consciousness is not a common presenting symptom at some 
time during the course, 191/439 patients (43.5%) in cumulative 
series had an alteration in the level of alertness (Table 66.1). Some 
patients may present even at onset with symptoms of increased 
intracranial pressure such as transient visual obscurations and 
vomiting. 

Symptoms are often related to the location of the venous throm¬ 
bosis. Table 66.2 shows the distribution of dural sinus occlusion 
in a number of series. If the thrombosis occurs in the superior 
sagittal sinus, the cerebral hemispheres are preferentially involved 
usually asymmetrically resulting in lateralizing symptoms such as 
aphasia, weakness, or neglect. The opposite cerebral hemisphere 
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Table 66.2 Distribution of venous structures involved in various studies 

Vein 

Cantu and 

Barinagarrementeria, 
1993 puerp 

n = 67 

Cantu and 

Barinagarrementeria, 
1993 nonpuerp 

n = 46 

Ameri and 

Bousser, 1992 

n= 110 

South wick 

etal., 1986 

septic 

n = 179 

Tsai etal., 

1995 

n = 29 

Bousser and 

Barnett, 1992 

n = 76 

Daif et al., 

1995 

rc = 40 

Ferro etal., 

2004 

n = 624 

SSS 

60 (22) 

45 (11) 

79 (14) 

23 (7)* 

19 (ID 

53 

34 (22) 

313 

LS 

23 (1) 

20(1) 

78 (10) 

64 (4)* 

15 (8) 

55 

13(4) 

536 

SS 

0 

0 

3(1) 


3 

10 

3 

112 

CS 

0 

0 

3 

92 (8)* 

0 

2 

0 

8 

DV 

17(4) 

10 

9(1) 


1 

3 

4(1) 

68 

CCV 

13 

14 

30 (2) 


0 

29 

0 

110 

>1 

39 

34 

85 


9 

56 

14 



Numbers in parenthesis represent cases in which structure was involved alone. 

* Numbers in parenthesis represent personally studied cases - the rest are from literature review. 

SSS = superior sagittal sinus; LS = lateral sinus; SS = straight sinus; CS = cavernous sinus; DV = deep venous system; CCV = cortical or cerebellar 
superficial veins. 

> 1= more than one venous structure involved 


also may become involved within a few days. Bilateral and midline 
cortical dysfunction may also occur due to superior sagittal sinus 
involvement. 

Lateral sinus occlusion is as common as sagittal sinus thrombo¬ 
sis. In the past, thrombosis of the lateral sinus was almost entirely 
explained by spread of infection from acute or chronic ear and 
mastoid infections. The infective process within the ear struc¬ 
tures often led to a local thrombophlebitis, and infections spread 
through emissary veins or directly through the thin sinus plate 
into the lateral sinus. The sigmoid portion of the lateral sinus lies 
adjacent to the mastoid air cells from its origin to the jugular bulb. 
Infection can spread from the lateral sinus into the jugular vein. 
Lateral sinus occlusions involve dysfunction of the temporal lobes 
and occasionally the cerebellum. Aphasia, agitation, and visual 
field abnormalities predominate. Lateral sinus occlusions are also 
most often associated with a pseudotumor syndrome. The left 
transverse (lateral) sinus is often hypoplastic. When the righttrans- 
verse sinus and jugular vein become occluded, increased intracra¬ 
nial pressure becomes a very important problem. 

Cavernous sinus thrombosis causes proptosis, an injected red 
eye, and impaired eye movements. This is usually associated with 
ethmoid, sphenoid, orbital, or facial infections. 

With involvement of the deep venous structures such as the 
straight sinus and basal vein of Rosenthal, basal ganglionic and 
thalamic lesions may ensue resulting in nonspecific behavioral 
symptoms such as delirium, memory loss, or mutism (Kothare 
et al., 1998). Bilateral basal ganglionic and thalamic infarcts or 
hemorrhages are pathognomic of deep venous involvement. Stiff¬ 
ness of the limbs with decerebrate postures, coma, and vertical 
gaze palsy are the most common clinical findings in patients with 
extensive basal ganglionic and thalamic hemorrhagic infarcts and 
edema. Some patients present with apathy and are found on exam¬ 
ination to be abulic and to have poor memory as the predominant 
signs. When patients who present with stupor or coma recover, 


they often show residual signs of lack of initiative and spontaneity 
and may also have poor memory. 

Occasional patients have occlusion of veins that drain the cere¬ 
bellum (Caplan, 1996; Eng et al., 1990; Rousseaux et al., 1987). 
The findings are similar to those found in patients with infarcts 
caused by arterial occlusions - ataxia, veering, dizziness, diplopia. 
Headache is often occipital or nuchal. 

The decreased CSF absorption in patients with CVST and the 
mass effect of brain edema and hemorrhage often lead to signs 
of increased intracranial pressure. If there is sufficient generalized 
increased intracranial pressure, displacement of the diencephalon 
and brainstem and herniation with subsequent coma or death may 
result. Coma may also be related to ongoing seizures, such as in 
nonconvulsive status epilepticus. 

Because of the myriad of clinical symptoms, the diagnosis is 
often challenging. A high clinical suspicion needs to be main¬ 
tained in patients who are young or middle-aged with new-onset 
headache, especially if headache is accompanied by seizures or 
focal neurological symptoms. This is especially true for younger 
patients who do not have a history of traditional vascular risk fac¬ 
tors. Examination findings that can be helpful in making the diag¬ 
nosis include papilledema, 6th nerve palsies, and focal neurolog¬ 
ical signs. 

Brain and vascular imaging 

MRI and CT scanning are essential in confirming the diagnosis of 
CVST. There can be indirect signs on imaging that raise suspicion 
for CVST such as hydrocephalus and mastoiditis. Direct signs indi¬ 
cating thrombosis can also be observed when examination of the 
cerebral veins and sinuses is undertaken. 

Findings on CT scan in patients with CVST are often very sub¬ 
tle. As a result, the CT scan is read as normal in 25%-40% of 
patients who are later found to have CVST (Provenzale ef al., 1998; 
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Figure 66.1 Normal MR venogram demonstrating normal flow in the superior 
sagittal sinus and transverse sinuses. 


Figure 66.2 T2 fluid-attenuated inversion recovery (FLAIR) image 
demonstrating venous infarcts in the left temporo-occipital areas in a patient 
with left transverse sinus thrombosis. 


Rao et al, 1981). When intracranial venous occlusions are sus¬ 
pected, CT scanning should always be done with contrast to 
increase reliability, unless there is a contraindication. Even with 
the use of contrast, CT scanning is not optimal for diagnosing 
CVST unless a CT venogram is also performed. 

Indirect signs found on CT include edema and venous infarcts 
in the parenchyma. Venous infarcts are hemorrhagic in up to 40% 
of CVST patients (Provenzale et al., 1998; Rao et al., 1981). It is 
difficult to differentiate hemorrhages due to venous infarcts from 
other secondary causes of brain hemorrhage. However, certain red 
flags should increase suspicion for a venous etiology, including: 
multiple hemorrhages, hemorrhage in a nonarterial distribution, 
subcortical hemorrhages, hemorrhages that are located bilater¬ 
ally in the thalamus and/or basal ganglia, irregular appearance, 
and hemorrhages with an area of hypodensity at the periphery, 
indicating that the bleeding began in an area of brain edema (Rao 
et al., 1981; Stam, 2005). 

Direct signs of venous sinus thrombosis on CT are usually seen 
in patients given contrast or who have undergone a CT venogram. 
These include the “empty delta or empty triangle sign” which is 
seen on contrast CT as a bright triangle surrounding a hypodense 
core. The bright triangle corresponds with contrast enhancement 
of the dilated veins surrounding the thrombus, and the hypo- 
dense core is the area of decreased contrast flow due to thrombus 
(Virapongse etal., 1987). MRIis superior to CT in confirming CVST 
because it is more sensitive in showing both the direct and indirect 
signs of intracranial venous occlusions such as subtle parenchy¬ 
mal abnormalities, petechial hemorrhages, and thrombi (Selim 
etal., 2002). Also, MRI is less susceptible to bone artifacts than is CT 
and is capable of multiplanar imaging to aid in diagnosis (Bianchi 


et al., 1998; Connor and Jarosz, 2002). A normal MR venogram is 
shown in Figure 66.1. 

Direct and indirect changes suggestive of CVST are shown 
using a number of different MRI sequences including Tl- and 
T2-weighted MRI, echo-planar T2* (susceptibility), and diffusion- 
weighted MRI. On standard Tl- and T2-weighted MRI with CVST, 
there is a loss of the normal signal flow void that is usually seen. In 
addition, there are signal changes produced by the venous throm¬ 
bosis and associated changes in blood flow and hemoglobin degra¬ 
dation. The actual thrombus within the vein or sinus is prone to 
the same degradation process as hemorrhage and therefore ini¬ 
tially appears isointense on Tl and hypointense on T2 during the 
first 1-5 days because of the presence of oxyhemoglobin within 
the red blood cells (Bianchi et al., 1998; Connor and Jarosz, 2002; 
Provenzale etal., 1998). Venous infarcts may also be seen as shown 
in Figure 66.2. 

On T2*-weighted images, intravenous thrombus appears 
hypointense (loss of signal) because of the formation of deoxyhe¬ 
moglobin. T2* can be especially useful in visualizing small areas 
of hemorrhage, such as petechial bleeding, within venous infarcts 
(Idbaih etal., 2006; Selim etal., 2002). 

Diffusion-weighted imaging produces a wide variety of changes 
in patients with CVST and is therefore not very sensitive or spe¬ 
cific for the diagnosis of intracranial venous occlusive disease. It 
is helpful, however, in the detection of early venous congestion 
and edema that may not be evident on standard Tl, T2, and FLAIR 
images at an early stage (Chu etal., 2001; Lovbladeta/., 2001; Wasay 
etal., 2002). 

In order to definitively diagnose CVST, direct imaging of 
the veins and sinuses is necessary. MR venography (MRV), CT 
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Figure 66.3 MR venogram of a 58-year-old woman with protein C deficiency 
with superior sagittal sinus and left transverse and sigmoid sinus thromboses. 


venography (CTV), and conventional angiography are all accepted 
modalities, although MRV is the most commonly used of the three. 
The key finding on MRV is lack of flow signal within a venous sinus 
with nonopacification of the sinus (Figure 66.3). MRV has many 
limitations, the most significant being lack of flow signal because 
of artifact. This is often seen in a hypoplastic transverse sinus and 
is due to slow blood flow within the sinus (Ayanzen et al., 2000; 
Bianchi ef al., 1998). 

CTV has evolved recently due to the advent of newer generation 
spiral CT scanners. Like MRV, the key finding is lack of flow in the 
venous sinus. In addition, contrast enhancement of the sinuses 
and venous collaterals that have developed may also be seen on 
CTV. CTV is more readily accessible than MRV for most centers, 
and is less costly andmaybettervisualize smaller sinuses and veins 
(Casey etal., 1996). 

The use of four-vessel cerebral angiography for the diagnosis of 
CVST has decreased significantly during the past decade, largely 
due to the advent of newer techniques such as MR and CT angiog¬ 
raphy and venography, which are noninvasive and pose little or no 
risk to the patient. Now, four-vessel angiography is mainly used in 
CVST patients who have had an inconclusive MRI/MR venogram 
or CT venogram, such as in isolated cortical vein thrombosis, or in 
those who are being considered for intrasinus use of thrombolytics 
or other recanalization therapies. 

Transcranial Doppler (TCD) has also been applied in the diagno¬ 
sis and follow-up of patients with dural sinus thrombosis (Caplan, 
1996; Stolz et al., 2002; Valdueza et al., 1995, 1999; Wardlaw 
et al., 1994). Venous signals can be detected and displayed from 
the region of the basal vein of Galen, which lies adjacent to the 
P2 portion of the posterior cerebral artery. In patients with dural 
sinus occlusions, the veins of Labbe and Rosenthal often serve as 


collateral channels. Increased blood flow in these veins increases 
the blood flow velocities as measured by TCD. The mean blood flow 
velocities in the region of the basal vein of Rosenthal have been 
quite elevated acutely in some patients and then have returned to 
normal after treatment and presumed recanalization of the orig¬ 
inal dural sinus occlusion (Valdueza et al, 1995, 1999; Wardlaw 
et al., 1994). TCD may be most useful in monitoring changes in 
venous flow and so documenting the effect of treatment. Too few 
patients have been studied and reported to know the effect of the 
location of the dural sinus occlusion on the frequency and relia¬ 
bility of the TCD results. 

Management 
General measures 

The clinical course of CVST is highly variable. Some patients 
present with minor symptoms such as headaches, whereas oth¬ 
ers are comatose at presentation. The initial assessment is there¬ 
fore directed towards identifying patients at higher risk of further 
deterioration and ensuring their immediate hemodynamic stabil¬ 
ity. Those with intracerebral hemorrhage, substantial brain edema, 
diminished level of responsiveness, or involvement of deep or a 
combination of deep and superficial venous systems should be 
monitored in intensive care units. Correction of dehydration with 
intravenous fluids is important, as intravascular depletion may 
promote further thrombosis. Any source of infection - especially 
involving the ear, mastoid, or sinuses - should be searched for and 
treated with appropriate antibiotics. 

Seizures often complicate the picture in patients with CVST 
(Stam, 2005). Most seizures are partial in nature and respond well 
to antiepileptic medication, although some patients may develop 
status epilepticus. The long-term management with antiseizure 
medicines must be individualized as the existing data remain 
inconclusive in these patients (Nagpal, 1983; Preter et al., 1996). 
Concurrently, a search for any predisposing conditions should be 
initiated promptly as their subsequent identification will influence 
the long-term treatment of these individuals. Many patients with 
intracranial venous occlusions have more than one predisposing 
condition (Stefini etal., 1999). 

Intracranial hypertension 

The major pathology in CVST is thrombosis of cerebral veins or 
dural sinuses leading to impaired drainage, venous hypertension 
with subsequent edema formation, venous infarction, and hemor¬ 
rhage. Patients with significant brain edema or hemorrhage often 
have elevated intracranial pressures. Application of general mea¬ 
sures to reduce the elevated intracranial pressure, such as head ele¬ 
vation, is helpful in augmenting venous return. Short-term hyper¬ 
ventilation, often reserved for patients with severe brain edema, 
may also provide temporary benefit by inducing respiratory alkalo¬ 
sis and vasoconstriction, thereby reducing the total cerebral blood 
volume. 

Hyperosmolar treatment with mannitol, glycerol, and hyper¬ 
tonic saline are usually helpful in reducing brain edema and 
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fable 66.3 Retrospective nonrandomized studies of the effects of 
anticoagulation in patients with intracranial venous thrombosis 


Anticoagulated Not anticoagulated 
Survived Survived 



Improved 

Died 

Improved 

Died 

Krayenbuhl, 1954 

16 

1 

32 

24 

Bousser etal., 1985 

23 

0 

11 

4 

‘Case reports 

25 

3 bled 

25 

44 

1942-1987 

‘Walker (unpublished) 

6 

0 

7 

1 

Jacewicz and Plum, 

4 

1 (veg) 

4 

5 

1990 

Totals 

74 (94%) 

5 (6%) 

79 (50%) 

78 (50%) 


* These cases are tabulated in Jacewicz and Plum, 1990. 

lowering intracranial pressure. However, care should be exercised 
to avoid intravascular volume depletion with judicious supple¬ 
mentation of intravenous fluids, as dehydration may be coun¬ 
terproductive. Surgical options should be explored under special 
circumstances. Large hematomas exerting mass effect in patients 
with severe intracranial hypertension may be amenable to surgical 
evacuation. In patients with life-threatening brain edema, decom¬ 
pression with hemicraniectomy has also been attempted (Nagpal, 
1983; Stefini etal., 1999). 

Anticoagulation 

Anticoagulation plays a central role in management of intracranial 
venous occlusive disease. Anticoagulants likely prevent further 
thrombus growth and propagation, helping to arrest the throm¬ 
botic process. Martin and Sheehan (1941) were first to advocate 
heparin treatment for CVST. Beginning in the 1960s, a number 
of single case reports and retrospective reviews began to sup¬ 
port the safety and utility of heparin and other anticoagulants 
in the treatment of patients with intracranial venous thrombo¬ 
sis (Bousser and Barnett, 1992; Caplan, 1996; Jacewicz and Plum, 
1990). In some patients, a dramatic improvement was noted a day 
or so after the starting of heparin in patients who had previously 
been steadily worsening. Table 66.3 tabulates retrospective non¬ 
randomized results from case reports and series of patients with 
intracranial venous thromboses treated or not treated with antico¬ 
agulants. Among 79 patients given anticoagulants, 94% improved 
and survived, whereas only about one-half of the 157 patients 
not given anticoagulants survived (Jacewicz and Plum, 1990). 
Although these studies cannot prove effectiveness, they show that 
anticoagulants are probably seldom harmful. 

Heparin therapy is now endorsed by most experts as the first line 
of treatment for patients with CVST (Bousser, 1999; Einhaupl etal., 
2006). The effect of heparin has been studied in three, random¬ 
ized controlled trials (de Bruijn and Stam, 1999; Einhaupl et al., 
1991; Nagarajaefa/., 1995). The first trial compared dose-adjusted 
intravenous heparin to placebo but was stopped after only 


20 patients were enrolled because of the dramatic differences 
observed between the two groups; there were three deaths in the 
placebo group and none in the heparin-treated patients, whereas 
only one patient in the placebo group recovered completely com¬ 
pared to 8 of the 10 patients in the heparin group (Einhaupl 
etal., 1991). However, lingering doubts about the study methodol¬ 
ogy and concerns about risks of bleeding prompted another trial 
using low-molecular-weight heparin (de Bruijn and Stam, 1999). 
In this trial, 60 patients were randomized to receive nadroparin 
versus placebo, followed by an open arm of 10 weeks of warfarin 
treatment in those subjects who received heparin. There were no 
significant differences in outcomes between the two groups. How¬ 
ever, there was a trend for all predefined outcomes in favor of anti¬ 
coagulation. The third study performed on women with puerperal 
sinus thrombosis found a nonsignificant benefit of intravenous 
heparin treatment (Nagaraja et al. } 1995). Though the results of 
these trials did not provide unequivocal evidence of efficacy of 
heparin treatment, heparin treatment appeared to be safe even in 
the presence of hemorrhagic lesions. 

Another very important reason to use anticoagulants is to pre¬ 
vent pulmonary embolism from venous thrombi that often extend 
into the jugular vein and could, like any other peripheral venous 
occlusion, extend to the heart. Diaz etal. (1992) reported a patient 
with superior sagittal sinus thrombosis who died of a fatal pul¬ 
monary embolus. They also reviewed the available literature on 
patients with dural sinus occlusion studied between 1942 and 
1990, and found that in 23/203 (11%) patients the dural sinus 
occlusion was complicated by pulmonary embolism, and all but 
1 of these 23 patients died (Diaz etal., 1992). 

The total duration of oral anticoagulation in patients with 
intracranial venous occlusive disease is not known. Some clini¬ 
cians anticoagulate patients with transient risk factors with war¬ 
farin treatment for 3 months. Those patients with idiopathic CVST 
and those with mild thrombophilia are often treated for 6-12 
months, whereas indefinite anticoagulation is considered in those 
with recurrent episodes of CVST (two or more) and in those with 
severe hereditary thrombophilia (Einhaupl etal., 2006). 

Thrombolytic treatment 

Endovascular thrombolysis with urokinase and tissue plasmino¬ 
gen activator, as well as mechanical thrombolysis, has been 
attempted in some patients with CVST (Canhao etal., 2003; Chow 
et al, 2000; Frey et al., 1999; Kim and Suh, 1997). However, the 
existing published data are limited to case reports and uncon¬ 
trolled studies. Based on these reports, it is not possible to infer 
whether thrombolytic therapy is superior to heparin. Thrombol¬ 
ysis may help in restoring blood flow more promptly, but it is 
unclear whether this leads to a better clinical recovery (Frey et al., 
1999; Kim and Suh, 1997). Thrombolysis might be most useful in 
patients with extensive venous occlusions who have limited egress 
of blood from the cranium. Hemorrhage risk is probably greater 
in patients who receive thrombolysis, especially in those with pre¬ 
existing hemorrhage (Frey etal., 1999; Kim and Suh, 1997). Throm¬ 
bolytic treatment should therefore be reserved for those patients 
with a poor prognosis or in those who continue to worsen despite 
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adequate anticoagulation and possibly have no associated hem¬ 
orrhage. The role of mechanical treatment of dural sinus stenosis 
is also not clear at the present time. 

Prognosis 

Prospective studies that have examined the long-term outcome 
after CVST have reported a mortality rate ranging from 0% 
to 39% (Cakmak et al., 2003; Rondepierre et al., 1995). The 
death/dependence rate ranged from 9% to 44% (Ferro et al., 2002; 
Rondepierre etal., 1995). However, more recent data from a mul¬ 
ticenter study (the Cerebral Venous Thrombosis Portuguese Col¬ 
laborative Study Group; VENOPORT), which followed 624 patients 
with CVST for a median of 16 months, showed a better prognosis 
with a total mortality rate of 8% in this cohort (Ferro etal., 2004). 
Patients presenting with isolated intracranial hypertension fared 
better (7% dead/dependent) than the remaining patients (13.6% 
dead/dependent). The study also analyzed risk factors for an unfa¬ 
vorable outcome that included male sex (hazard ratio [HR] = 1.6), 
age > 37 years (HR = 2.0), coma (HR = 2.7), mental status disorder 
(HR = 2.0), intracerebral hemorrhage on admission (HR = 1.9), 
thrombosis of the deep cerebral venous system (HR = 2.9), cen¬ 
tral nervous system infection (HR = 3.3), and cancer (HR = 2.9). 
Seizures (10%) and new thrombotic events (4%) were the most fre¬ 
quent complications during follow-up. The rate of recurrent sinus 
thrombosis was low at 2.2%. 

The outcome of patients with early intracerebral hemorrhage 
after CVST was reported from this cohort (Girot et al., 2007). A 
mortality rate of 6% within 30 days was observed in this subset of 
patients, and a 21% rate of death or dependency. Analysis of risk 
factors indicated that older age, male sex, thrombosis of the deep 
venous system, and motor deficits were associated with a worse 
outcome than was heparin use. Heparin treatment, in contrast, 
did not influence the risk of subsequent hemorrhage. 
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PART VIII: VASOSPASTIC CONDITIONS AND OTHER 
MISCELLANEOUS VASCULOPATH IES 

REVERSIBLE CEREBRAL VASOCONSTRICTION SYNDROMES 

Aneesh B. Singhal, Walter J. Koroshetz, and Louis R. Caplan 


Introduction 

Segmental narrowing or ‘'beading” of intracranial arteries on con¬ 
trast cerebral angiograms is often associated with pathological 
conditions such as atherosclerosis, infectious arteritis, vasculi¬ 
tis, and fibromuscular dysplasia. In these conditions the arter¬ 
ies are histologically abnormal and the luminal narrowing is pro¬ 
gressive unless the underlying condition can be treated. Several 
other conditions, however, are associated with reversible segmen¬ 
tal narrowing of arteries that appear normal on routine histological 
examination. This phenomenon of reversible segmental arterial 
vasoconstriction is poorly understood and can affect cerebral as 
well as systemic arteries (Table 67.1). 

Cerebral vasoconstriction has been associated with several 
diverse conditions (Table 67.1), including pregnancy (postpar¬ 
tum angiopathy), vasoconstrictive drugs (drug-induced “arteri¬ 
tis"), and headache disorders. While there may be differences 
in the etiopathogenesis of cerebral vasoconstriction with each 
associated condition, the clinical, laboratory, imaging, and angio¬ 
graphic features of these patients are remarkably similar, justifying 
the use of the inclusive term “reversible cerebral vasoconstriction 
syndromes" (RCVS). Most patients are young adults who present 
with acute-onset, severe, recurrent headaches. The vasoconstric¬ 
tion can persist for days to weeks and can progress to precipitate 
cerebral ischemia and stroke. Nevertheless, most patients have a 
benign outcome. Some are left with neurological deficits resulting 
from brain infarcts or hemorrhages. A minority develop a fulmi¬ 
nant course with poor outcome including death. Although RCVS 
are considered rare, they are probably under-recognized and fre¬ 
quently misdiagnosed as primary cerebral vasculitis because the 
latter condition has overlapping angiographic and, to some degree, 
clinical features. With the advent of newer, relatively noninvasive 
angiographic techniques such as CT angiography (CTA) and MR 
angiography (MRA), and with the escalating use of vasoconstric¬ 
tive drugs like “ecstacy” and cocaine, it is likely that physicians will 
encounter more patients with RCVS. 

Historical background 

Stroke and brain ischemia were associated with intracranial arte¬ 
rial “spasm" for decades; however, after the recognition of carotid 
artery stenosis, embolic stroke, and lacunar disease in the 1960s, 
subarachnoid hemorrhage and migraine emerged as the only two 
conditions associated with stroke from cerebral vasospasm. In the 
1970s, several unusual cases were reported ofwomenwho, during 


pregnancy or the early puerperium, developed sudden headaches, 
nausea, vomiting, seizures, and focal neurological deficits, and 
recovered spontaneously within a few weeks (Fisher, 1971; 
Millikan, 1975). The cerebrospinal fluid (CSF) was normal, and 
known thromboembolic etiologies were ruled out. Cerebral 
angiogram showed slow arterial filling or arterial irregularities 
that proved to be reversible on serial angiograms. At the Sec¬ 
ond Conference on Cerebrovascular Diseases at the Salpetriere 
Hospital in Paris, Rascol et al. (1979) presented four such 
cases, and the entity came to be recognized as “postpartum 
angiopathy.” Similar cases continued to be reported in associ¬ 
ation with pregnancy (Dupuy et al., 1979; Henry et al., 1984; 
Rousseaux el al., 1983), migraine (Fisher, 1986; Geraud and Fabre, 
1984; Laurent et al., 1984; Michel et al., 1985; Serdaru et al., 
1984), and even unruptured saccular aneurysms (Bloomfield 
and Sonntag, 1985; Day and Raskin, 1986; Friedman et al., 
1983; Raynor and Messer, 1980). Because the ergot derivatives 
were frequently used in pregnancy and migraine, increased sym¬ 
pathomimetic tone was implicated in the pathophysiology (Henry 
etal., 1984; Raroque etal. } 1993). 

In 1987, Dr. Marie Fleming presented two patients with RCVS at 
the Boston Society of Neurology and Psychiatry meeting at Mas¬ 
sachusetts General Hospital. Dr. C. Miller Fisher recognized the 
similarity between these and the other previously published cases 
of reversible cerebral vasoconstriction, including the patients with 
postpartum angiopathy (Rascol et al., 1979) presented at the 
Salpetriere conference. In a collaborative effort Drs. Call, Flem¬ 
ing, Fisher, and others reported 19 patients in whom the vasocon¬ 
striction was either idiopathic or associated with the use of ergot 
derivatives, unruptured saccular aneurysms, carotid endarterec¬ 
tomy, and Guillain-Barre syndrome (Call etal., 1988). Although the 
precise pathophysiology was unknown, “migrainous vasospasm" 
was considered likely. Thereafter some authors reported patients 
with RCVS as having Call’s syndrome or Call-Fleming syndrome 
(Martin-Araguz et al, 1997; Modi and Modi, 2000; Noskin et al., 
2006; Nowak etal., 2003; Singhal etal., 2002). 

In the rheumatology literature, patients with reversible changes 
on cerebral angiography were interpreted to have a benign form 
of cerebral vasculitis (Bettoni et al., 1984; Snyder and McClel¬ 
land, 1978; van Calenbergh et al., 1986) because they responded 
promptly and completely to a short course of steroids, unlike other 
biopsy-proven cases of cerebral vasculitis. In 1993, Calabrese etal. 
reviewed these cases and proposed the term “benign angiopa¬ 
thy of the central nervous system” to characterize this subset of 
patients. Their group recently analyzed clinical characteristics and 
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fable 67.1 Conditions associated with reversible arterial 
vasoconstriction 


Cerebral arteries 

1. Pregnancy and puerperium 

Early puerperium, late pregnancy, eclampsia*, pre-eclampsia*, 
delayed postpartum eclampsia* 

2. Exposure to drugs and blood products 
Phenylpropanolamine, pseudoephedrine, ergotamine tartrate, 
methergine, bromocriptine, lisuride, selective serotonin reuptake 
inhibitors (SSRIs)*, sumatriptan*, isometheptine, cocaine, ecstacy, 
amphetamine derivatives*, marijuana*, lysergic acid diethylamide 
(LSD), tacrolimus (FK-506), cyclophosphamide*, erythropoietin*, 
intravenous immune globulin (IV1G)*, red blood cell transfusions* 

3. Miscellaneous 

Hypercalcemia, porphyria*, pheochromocytoma, bronchial 
carcinoid tumor, unruptured saccular cerebral aneurysm, head 
trauma, spinal subdural hematoma, postcarotid endarterectomy*, 
neurosurgical procedures 

4. Idiopathic 

No identifiable precipitating factor 

Associated with headache disorders such as migraine, primary 
thunderclap headache*, benign exertional headache, benign sexual 
headache, primary cough headache 

Systemic arteries 

1. Extremities: Raynaud’s phenomenon, digit ischemia from 
vasoconstrictive drugs 

2. Coronary: Prinzmetal’s angina, cocaine-induced coronary 
vasospasm 

3. Renal: possible small-vessel vasoconstriction due to tacrolimus, 
cyclosporine 

4. Mesenteric: associated with carcinoid tumor, sumatriptan 

5. Uterine: eclampsia 

* These conditions are also associated with the Reversible Posterior 

Leukoencephalopathy Syndrome (RPLS) 

long-term outcomes of this entity and concluded that it is probably 
a cerebral vasoconstriction syndrome (Hajj-Ali etal., 2002). 

Stroke and angiographic "beading” associated with the use of 
nasal decongestants, diet pills, and other sympathomimetic drugs 
such as cocaine, amphetamines, ephedrine, ergot derivatives, 
pseudoephedrine, and phenylpropanolamine have been reported 
as drug-induced cerebral "arteritis” (Bostwick, 1981; Forman etal, 
1989; Margolis and Newton, 1971; Merkel et al., 1995; Mourand 
etal, 1999; Ryu and Lin, 1995; Stoessl etal., 1985; Yu et al., 1983). 
However, this diagnosis was based almost exclusively on angiog¬ 
raphy alone, without other evidence for vasculitis (Aggarwal etal., 
1996; Buxton and McConachie, 2000; Kaye and Fainstat, 1987; 
Nolte etal., 1996), although at times there was indication of vascu¬ 
lar inflammation more consistent with nonspecific injury or vas¬ 
cular necrosis (Merkel et al., 1995; Rumbaugh et al., 1971) or a 
“reactive” inflammation (Calado etal., 2004b). Similar abnormal¬ 
ities have been associated with exposure to serotonergic agents 
such as ecstasy, sumatriptan, and the selective serotonin reup¬ 
take inhibitors (Conde Lopez et al., 1998; Meschia et al., 1998; 


Nighoghossian etal. ,1998; Noskin et al., 2006; Singhal etal. , 2002). 
It is likely that these clinical angiographic abnormalities result 
from vasoconstrictive effects of the drugs and not from an under¬ 
lying inflammatory vasculitis. 

Patients with cerebral vasoconstriction have been reported 
by stroke neurologists, headache specialists, obstetricians, and 
rheumatologists under different eponymic labels based on the 
associated conditions and theories of pathogenesis. Patients with 
identical clinical, imaging, and laboratory features have been 
reported as having “postpartum angiopathy,” “migraine angiitis,” 
“thunderclap headache associated vasospasm,” “drug induced 
angiopathy,” “Call-Fleming syndrome,” “benign cerebral angiopa¬ 
thy,” benign angiopathy of the central nervous system,” and 
“reversible cerebral angiitis.” The confusing nomenclature has 
probably hampered the recognition of RCVS and limited research 
concerning its causes and pathogenesis. Only recently have some 
authors started defining the unifying clinical and imaging features 
of patients with cerebral vasoconstriction (Singhal, 2002a, 2004a; 
Singhal and Bernstein, 2005; Singhal et al., 2003), and have pro¬ 
posed that cerebral vasoconstriction in the setting of any asso¬ 
ciated condition be uniformly referred to as a reversible cerebral 
vasoconstriction syndrome or RCVS (Calabrese etal., 2007). These 
efforts have already started improving the recognition and diagno¬ 
sis of patients with cerebral vasoconstriction. For example, Ducros 
et al. (2007) recently published their series of 67 patients with 
RCVS accumulated over a 3-year period. This large prospective 
series confirms many of the clinical-imaging features identified 
in prior reviews and smaller case series. In this series, RCVS was 
spontaneous in 37% and secondary to one or more risk factors 
in 63% of patients. Identifying the precipitating secondary cofac¬ 
tor or disease is important, because it may guide management 
(e.g. stopping the vasoactive drug) and eventually lead toward a 
better understanding of the pathogenesis. Finally, recent publica¬ 
tions have drawn attention to the overlapping clinical and imaging 
features of reversible cerebral vasoconstriction syndromes, recur¬ 
rent primary thunderclap headache, and the reversible posterior 
leukoencephalopathy syndrome, raising the possibility of a shared 
pathophysiology between these entities (Calabrese et al., 2007; 
Chen etal., 2006; Singhal, 2004b). 

Clinical features 

The RCVS affects women more often than men. Most reported 
patients are between 20 and 50 years of age, although children 
can be affected (Kirton et al., 2006). The typical patient presents 
with a sudden, “worst-ever” headache that reaches its peak inten¬ 
sity within seconds, often referred to as a “thunderclap headache” 
(Day and Raskin, 1986; Dodick, 2002). Thunderclap headache is 
most characteristic of aneurysmal subarachnoid hemorrhage and 
can be the presenting symptom of conditions such as primary 
brain hemorrhage, carotid artery dissection, and cerebral venous 
sinus thrombosis. As a result, patients are often (and appropri¬ 
ately) subjected to a battery of tests to evaluate for ruptured sac¬ 
cular aneurysms or other intracranial causes of sudden, severe 
headache. The onset headache may be occipital or diffuse, severe 
and throbbing, and accompanied by nausea, emesis, and photo- 


506 






Reversible cerebral vasoconstriction syndromes 


sensitivity. Sudden-onset headaches can recur for days to weeks 
(Ducros etal., 2007); however, their intensity and frequency dimin¬ 
ish over time. Headache recurrence can be spontaneous while the 
patient is at rest, or precipitated by exertion or Valsalva maneuver. 

Apast medical history or a family history of migraine and depres¬ 
sion is often present, and some patients can later develop chronic 
migraine-like headaches or depression. Precipitating conditions 
include pregnancy or puerperium, vasoconstrictive drug expo¬ 
sure, head trauma, neurosurgical manipulation, and others (Table 
67.1). Emotional disturbances (e.g. sudden fear, orgasm, excite¬ 
ment) are frequently reported at the onset (Kapoor et al. , 1990; Sil- 
bert etal., 1989; Valenca etal, 2004). We have encountered a young 
man whose syndrome was precipitated by an intense burning sen¬ 
sation of the palate after ingestion of a spicy red jalapeno pepper! 
Blood pressure may be normal or elevated, although usually not 
elevated to the levels seen in hypertensive encephalopathy. 

Severe neurological symptoms and signs can develop from 
ischemia in brain regions that are perfused by an artery that is 
severely constricted. Brain hemorrhage can occur and explain 
neurological dysfunction (Singhal, 2007). Generalized motor 
seizures may occur at the onset, but epilepsy does not ensue; 
the seizures are attributable to brain edema or ischemia from 
severe vasoconstriction. Neurological deficits, if present, occur 
in the first few days after onset of the headache and often local¬ 
ize to the parieto-occipital lobes and “borderzone” arterial terri¬ 
tories. Visual dysfunction (cortical blindness, Balint’s syndrome, 
flashing lights, and scotomas) is frequent (Calabrese et al., 2007; 
Singhal, 2002a). Most patients have exaggerated muscle reflexes 
and tremor. Confusion, apraxia, dysarthria, aphasia, numbness, 
hemiparesis, and ataxia have been reported. Clinical deficits usu¬ 
ally recover within days to weeks, and headaches usually improve 
within a few weeks, either spontaneously or after treatment with 
vasodilators or steroids. There are rare instances of a devastating 
course and even death (Buckle et al., 1964; Geraghty ef al., 1991; 
Singhal, 2002b). 

Brain and vascular imaging 

Up to one-third of patients with RCVS show no abnormality on 
parenchymal brain imaging (Singhal et al., 2003) despite hav¬ 
ing multifocal cerebral arterial narrowing on angiograms. Normal 
brain scans are virtually unknown in patients with primary cere¬ 
bral vasculitis, a mimic of RCVS, and this feature helps to separate 
the two conditions. 

The most frequent head CT or brain MRI abnormality is 
bihemispheric, symmetric infarcts in arterial borderzone regions 
(Figures 67.1 and 67.2). Ischemic lesions are often crescentic 
or horseshoe-shaped; however, with severe ischemia the cor¬ 
tex becomes affected and lesions appear more wedge-shaped. 
Perfusion imaging may show areas of hypoperfusion distal to 
the affected artery. Some patients have shown infarct progres¬ 
sion within these hypoperfused regions (Figure 67.1), support¬ 
ing the hypothesis that ischemic stroke results from severe 
cerebral hypoperfusion (Rosenbloom and Singhal, 2007; Singhal 
etal., 2002). On MRI, fluid-attenuated inversion recovery (FLAIR) 
sequences often show dot-shaped or linear hyperintensities along 


the cortical surfaces, which may reflect slow flow within dilated 
vessels (Doss-Esper etal., 2005; Iancu-Gontard etal., 2003; Rosen¬ 
bloom and Singhal, 2007; Singhal, 2004b). Up to one-third of 
patients develop brain hemorrhage, including parenchymal hem¬ 
orrhages (Campos and Yamamoto, 2006; Fallis and Fisher, 1985; 
Maertens et al., 1987; Roh and Park, 1998; Singhal, 2007; Ursell 
et al., 1998; Yu et al., 1983) and small “non-aneurysmal” sub¬ 
arachnoid hemorrhages overlying the cortical surface (Doss-Esper 
et al., 2005; Rosenbloom and Singhal, 2007; Singhal, 2007). The 
timing of brain hemorrhages and ischemic strokes appears to be 
different, with hemorrhages occurring early and infarcts occurring 
later, mainly in the second week after onset (Ducros et al., 2007). 
The mechanism of hemorrhage is unclear, but may be related to 
ischemia-reperfusion injury and leakage or rupture of cortical sur¬ 
face vessels in the setting of abrupt hypertension and impaired 
autoregulation. Recent drug exposure appears to be more com¬ 
mon in patients with brain hemorrhage. Brain edema, in a topo¬ 
graphical pattern resembling the reversible posterior reversible 
leukoencephalopathy syndrome, has been reported (Dodick etal., 
2003; Doss-Esper etal., 2005; Singhal, 2004b). 

The diagnosis of RCVS rests on showing reversible vasoconstric¬ 
tion in the cerebral vasculature (Figures 67.1 and 67.2). Trans- 
femoral angiography, CTA, MRA, and TCD ultrasound have all 
been used for this purpose. Indirect tests such as CTA may be 
preferable because of their lower risks. The medium-sized cere¬ 
bral arteries (the middle and anterior cerebral arteries and the 
intracranial vertebral, basilar, posterior cerebral, superior cere¬ 
bellar, anterior inferior cerebellar, and posterior inferior cerebellar 
arteries) are most frequently involved, and show multifocal areas 
of segmental narrowing as well as vasodilatation (“beading”). It is 
possible that the angiographic changes start distally and progress 
proximally towards the larger arteries (Ducros etal., 2007). Rarely, 
the extracranial internal carotid artery can become involved and 
even occlude from severe vasoconstriction (Janzarik etal., 2006). 
Small, unruptured, cerebral aneurysms have been shown in some 
patients (Day and Raskin, 1986; Friedman etal., 1983; Raynor and 
Messer, 1980; Singhal, 2002b; Wijdicks etal., 1988). The prevailing 
view is that these unruptured aneurysms are incidental (Wijdicks 
etal. , 1988). TCD studies show diffusely elevated intracranial blood 
flowvelocities (Bogousslavsky eL al. , 1989; Gomez etal., 1991; Ihara 
et al., 2000; Nowak et al., 2003; Zunker et al., 2002) and are most 
useful as follow-up tests to establish reversal of vasoconstriction 
(Figure 67.1). 

The most specific evidence for the diagnosis of an RCVS is com¬ 
plete or near-complete reversibility of vasoconstriction in a timely 
manner, invariably within 3 months. It cannot be overemphasized 
that the angiographic findings, although highly characteristic, are 
not specific for RCVS and cannot be differentiated from the angio¬ 
graphic abnormalities seen with cerebral vasculitis (Calabrese 
et al., 1997). The diagnosis of RCVS is heavily influenced by the 
pretest probability derived from the clinical findings, the presence 
of associated conditions (Table 67.1), and the results of adjunctive 
studies such as CSF examination. Clearing of clinical symptoms 
and vascular imaging abnormalities over time without immuno¬ 
suppressant treatment are other important diagnostic findings 
that support characterization of the condition as an RCVS. 
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Figure 67.1 Brain imaging in a woman with RCVS. (A) Initial diffusion-weighted MRI (DWI) shows small occipital infarctions. Surrounding areas of hypoperfusion, 
suggesting vasoconstriction, were present on perfusion MRI (not shown). (B) Follow-up DWI after 1 week shows progressive infarction within the hypoperfused 
areas. (C) Initial transcranial Doppler (TCD) ultrasound shows marked elevation of blood flow velocities in the right middle cerebral artery. (D) Follow-up TCD 
ultrasound after 3 months shows normal blood flow velocities. (E) Initial cerebral angiogram shows vasoconstriction of the basilar and posterior cerebral arteries 
(arrows). (F) Follow-up angiogram after 4 months shows reversal of the vasoconstriction. 


Etiology and pathophysiology 

The etiology of the sudden, prolonged, and spontaneously 
reversible vasoconstriction is not known. A disturbance in the con¬ 
trol of cerebral vascular tone appears to be a critical element. Many 
authors have implicated “migrainous vasospasm’’ in view of the 
frequent prior history of migraine and the severe headache, nau¬ 


sea, vomiting, and visual symptoms that characterize the onset. 
Migraine is a common condition, and as discussed below the 
relationship between migraine and RCVS is unclear. However, a 
migraine association may imply that there is a pre-existing genetic 
susceptibility to vasoconstriction in migraineurs, which makes 
them vulnerable to develop severe persistent vasoconstriction 
after an appropriate vasoactive stimulus. The association with 
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Figure 67.2 Brain imaging in a 46-year-old male with RCVS. The patient, who had a past medical history of migraine without aura, hypertension, hyperlipidemia, 
and cannabis abuse, developed a severe postcoital thunderclap headache. Severe headaches recurred, and on day 3 he developed cortical blindness and mild left 
hemiparesis. Admission CTA showed multifocal segmental stenosis ('beading') of the bilateral middle cerebral arteries (A) and the basilar, posterior cerebral and 
superior cerebellar arteries (B). These abnormalities were also present on brain MRA (C). Diffusion-weighted MRI (D) and apparent diffusion coefficient maps (E) 
showed symmetric lesions in the bilateral occipital lobes, consistent with ischemic strokes. In addition, brain MRI showed small infarcts in the bilateral cerebellar 
hemispheres and in the right frontal lobe (not shown). Serological tests and the results of two CSF examinations showed no evidence for vasculitis or subarachnoid 
hemorrhage. The patient was treated with analgesics and verapamil. His deficits resolved completely over a period of 3 weeks, and a follow-up MRA (F) showed 
resolution of the cerebral arterial vasoconstriction. Reproduced with permission from Calabrese, L. H., Dodick, D. W., Schwedt, T. J., and Singhal, A. B. 2007. Narrative 
review: reversible cerebral vasoconstriction syndromes. Ann Intern Med, 146, 34-44. 


sympathomimetic or serotonergic drugs and tumors (Armstrong 
andHayes, 1961; I lenry elal., 1984; LeCoz etal., 1988; Nighoghos- 
sian et al., 1994, 1998; Noskin et al. } 2006; Raroque et al., 1993; 
Razavi et al., 1999; Singhal et al., 2002), acute porphyria (Black 
et al., 1995; Kupferschmidt et al., 1995), hypercalcemia (Kaplan, 
1998; Walker etal., 1980; Yamamoto etal., 1999; Yarnell and Caplan, 
1986), IVIG (Doss-Esper et al., 2005; Sztajzel et al., 1999; Voltz 
et al., 1996), carotid endarterectomy (Brick et al., 1990; Dagher 
et al., 2005; Lopez-Valdes et al., 1997; Rosenbloom and Singhal, 
2007), neurosurgical trauma (Chang et al., 1999; Hyde-Rowan 
etal., 1983; I.eRoux et al, 1991; Lopez-Valdes etal., 1997; Schaaf- 
sma et al., 2002; Suwanwela and Suwanwela, 1972) and uncon¬ 
trolled hypertension (Goldstein et al., 1991; Kontos et al., 1978) 
have led to speculation that chemical factors (e.g. circulating 
catecholamines, serotonin, endothelin-1, calcium, nitric oxide, 
prostaglandins) as well as mechanical factors (e.g. shear stress) 
may be involved in the pathophysiology. The frequent occurrence 
in women, particularly around the time of delivery, menarche, 
and menopause, suggests a role for hormonal influences. Some 
authors speculate that the vasoconstriction is related to transient 
inflammation, although the results of pathological, serological, 
and CSF tests have not shown evidence for inflammation. Sud¬ 
den alterations in blood flow and blood volume as occur dur¬ 
ing pregnancy and puerperium and after carotid artery surgery 
could also stress cranial blood vessels that are predisposed to 
vasoactivity. 


Approach to diagnosis 

For the experienced clinician familiar with the syndrome, RCVS 
is not difficult to recognize and diagnose: most patients report 
acute-onset, severe headaches at onset, have benign CSF findings, 
characteristic brain-imaging features, and vascular abnormalities 
that are fully reversible. Ideally the patient should have all of the 
features outlined in Table 67.2. 

Sudden-onset (thunderclap) headaches may herald condi¬ 
tions such as subarachnoid hemorrhage, embolic occlusion of 
the posterior or middle cerebral arteries, intracerebral hemor¬ 
rhage, arterial dissection, viral meningitis, spontaneous intracra¬ 
nial hypotension, pituitary apoplexy, and cerebral venous 
sinus thrombosis (Headache Classification Subcommittee, 2004; 
Dodick, 2002). The initial evaluation should uniformly include a 
head CT scan to exclude these more common and ominous con¬ 
ditions. If the CT scan does not reveal any etiology for thunderclap 
headache, neurovascular imaging should be performed to inves¬ 
tigate for vascular causes of headache such as arterial dissection, 
cerebral venous sinus thrombosis, and reversible cerebral vaso¬ 
constriction. Indirect tests such as CTA and MRA are appropriate 
first-line imaging techniques to evaluate for reversible cerebral 
vasoconstriction; however, conventional catheter-based angiog¬ 
raphy still remains the gold standard. Once arterial vasoconstric¬ 
tion is shown, further tests should be directed towards exclud¬ 
ing alternate causes of angiographic narrowing. CSF examination 
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fable 67.2 Summary of critical elements for the diagnosis of RCVS 


1. Transfemoral angiography or indirect CTA or MRA documenting 
segmental cerebral artery vasoconstriction 

2. No evidence for aneurysmal subarachnoid hemorrhage 

3. Normal or near-normal CSF analysis (proteins < 80 mg/dL, white 
blood cells < 10/mm’, normal glucose) 

4. Severe, acute headache, with or without additional neurologic signs 
or symptoms 

The diagnosis cannot be confirmed until reversibility of the 
angiographic abnormalities is documented within 12 weeks after 
onset or (if death occurs before the follow-up studies are 
completed) autopsy rules out conditions such as vasculitis, 
intracranial atherosclerosis, and aneurysmal subarachnoid 
hemorrhage, which can also manifest with headache and stroke. 

Source-. Calabrese, L. H., Dodick, D. W., Schwedt, T. ]., and Singhal, A. B. 

2007. Narrative review: reversible cerebral vasoconstriction syndromes. 

Ann Intern Med, 146, 34-44, with permission] 

should be performed to exclude “CT negative” subarachnoid hem¬ 
orrhage and inflammatory conditions such as infection and cere¬ 
bral vasculitis. In a systematic review (Singhal, 2002a) of 152 
patients with the RCVS, CSF results were entirely normal in 80% 
of patients, and 95% of patients had CSF cell counts < 10 per 
mm s and protein levels < 80 mg/dL. Blood tests such as erythro¬ 
cyte sedimentation rate, rheumatoid factor, anti-nuclear and anti¬ 
neutrophil cytoplasmic antibody titers, and urine vanillylman- 
delic acid and 5-hydroxy indoleacetic acid levels are useful to eval¬ 
uate for systemic vasculitis and pheochromocytoma. Serum cal¬ 
cium, and in some instances parathyroid hormone, levels should 
be drawn because hypercalcemia is a known cause of cerebral 
vasoconstriction and can cause strokes. Some patients with an 
RCVS may not have a classic thunderclap headache, and the CSF 
might show minor elevations of protein and cell counts such that 
a diagnosis of cerebral vasculitis should still be seriously consid¬ 
ered. In this circumstance, particularly if there are neurological 
deficits and/or diffuse parenchymal abnormalities or multifocal 
strokes on MRI, a brain biopsy to exclude cerebral vasculitis may 
be indicated. 

Blood flow velocities in intracranial arteries measured by TCD 
are helpful in following patients with RCVS. Velocities are invari¬ 
ably elevated at onset and decrease when the condition remits 
either spontaneously or after treatment. 

Differential diagnosis 

The differential diagnosis primarily includes disorders that 
present with acute, severe thunderclap headache (Dodick, 2002), 
which can be excluded with appropriate brain and vascular imag¬ 
ing as discussed above. If imaging is negative and the patient 
does not prove to have vasoconstriction, primary headache dis¬ 
orders such as primary thunderclap headache, primary exer¬ 
tional headache or orgasmic headache should be considered 
(Fieadache Classification Subcommittee, 2004; Silbert etal., 1989). 
In a prospective study of recurrent thunderclap headaches, Chen 


et al. found evidence for cerebral vasoconstriction in 39% of 
patients. The clinical features of patients with and without vaso¬ 
constriction was remarkable similar. These observations suggest 
that recurrent primary thunderclap headache and cerebral vaso¬ 
constriction syndrome constitute different spectra of the same 
disorder (Chen et al., 2006). Migraine is an important differ¬ 
ential diagnosis because many patients have a past history of 
migraine, the topography of brain infarcts can be similar, sero¬ 
tonergic mechanisms are implicated in both conditions (Sing¬ 
hal et al., 2002), and because migraine headache has been asso¬ 
ciated with cerebral angiographic abnormalities (Fisher, 1983; 
Garnic and Schellinger, 1983; Gomez etal., 1991; Lieberman etal., 
1984; Masuzawa et al., 1983; Monteiro et al., 1985; Sanin and 
Mathew, 1993; Schluter and Kissig, 2002; Schon and Harrison, 
1987; SerdaruetflZ., 1984; Solomonefa/., 1990). Some authors have 
questioned whether RCVS is simply a severe prolonged migraine 
attack (“status migrainosis”) with the fortuitous documentation of 
angiographic vasoconstriction (Gilbert, 2002). However, there are 
important differences. The angiographic abnormalities in RCVS, 
although reversible, usually persist for days to weeks, whereas most 
patients with migraine have normal arteriograms. The presenting 
headache in RCVS is invariably hyperacute, is not preceded by 
the premonitory or aura symptoms often seen with migraine, and 
does not resemble the patient’s prior attacks of migraine. Unlike 
RCVS, migraine is a recurrent disorder, and has a primarily neu¬ 
ronal basis. 

Intracranial atherosclerosis, fibromuscular dysplasia, inflam¬ 
matory vasculitis, and infectious arteritis are conditions that can 
cause stroke, are associated with headache, and have similar 
angiographic features but carry a significantly worse prognosis. 
A careful medical history usually helps to distinguish these con¬ 
ditions from RCVS. For example, atherosclerosis tends to affect 
older individuals with risk factors such as chronic hypertension 
or diabetes and results in chronic strokes. Intracranial atheroscle¬ 
rosis of branch arteries is especially common among blacks and 
individuals of Asian origin and is more common in women than 
men. The demonstration of prompt resolution of vasoconstriction 
decreases the likelihood of misdiagnosis. Patients with aneurys¬ 
mal subarachnoid hemorrhage typically present with thunder¬ 
clap headache and can develop cerebral vasospasm; however, the 
vasospasm usually develops later (day 4-11) and is restricted to the 
artery surrounded by blood rather than affecting multiple arteries 
as in the RCVS. 

The condition that is often difficult to distinguish from RCVS is 
primary angiitis of the central nervous system (CNS), an inflam¬ 
matory condition affecting brain arteries that often requires brain 
biopsy for definitive diagnosis and that warrants urgent treatment 
with immunosuppressive agents. Features such as headache, focal 
deficits, stroke, seizures, and angiographic irregularities are com¬ 
mon to both conditions. It is important to distinguish RCVS from 
primary angiitis of the CNS because consideration of vasculitis can 
unnecessarily expose patients with an RCVS to the risks of brain 
biopsy and to the adverse effects of long-term immunosuppressive 
therapy. 

While angiograms can be identical in both conditions, the diag¬ 
nosis is secured within the context of clinical presentation, CSF 
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analysis, and the presence of associated conditions such as preg¬ 
nancy. Patients with primary angiitis of the CNS tend to have 
insidious, dull headaches, a stepwise clinical progression, abnor¬ 
mal CSF results, and multifocal infarctions widely distributed in 
the gray and white matter, with or without diffuse white mat¬ 
ter hyperintensities, on brain MRI (Singhal et al., 2003). Con¬ 
versely, patients with RCVS have dramatic clinical presentations 
with explosive headaches and normal CSF findings, and one-third 
show no abnormality on brain MRI. Though rare exceptions exist 
(Calado et al., 2004a), the reversibility over days to weeks is the 
feature that best distinguishes this disorder from CNS vasculitis. 

The reversible posterior leukoencephalopathy syndrome (RPLS) 
is a reversible brain edema syndrome characterized by onset 
headaches, visual symptoms, and reversible gray and white mat¬ 
ter lesions on brain MRI. Associated conditions include eclamp¬ 
sia, hypertensive encephalopathy, porphyria, and exposure to 
chemotherapeutic immunosuppressant agents, and its etiology 
is related to endothelial dysfunction and a disturbance in cere¬ 
bral autoregulation (Hinchey etal., 1996). Similar clinical features 
and edematous MRI lesions are found in patients with cerebral 
vasoconstriction (Boughammoura etal, 2003; Dodick etal., 2003; 
Doss-Esper et al., 2005; Fienderson et al., 2003; Lin et al., 2003; 
Rosenbloom and Singhal, 2007; Singhal, 2004b; Singhal and Bern¬ 
stein, 2005; Zunker et al., 2000). These features, and the similar 
associated conditions, suggest that RCVS and RPLS are overlap¬ 
ping disorders sharing a pathophysiologic disturbance in cerebral 
arterial tone. 

Management 

The treatment of RCVS is guided by personal experience and obser¬ 
vational data. There is no “standard of care,” and no clinical trials 
have been conducted to prove that any treatment can alter the 
natural history of this syndrome. RCVS is often self-limited, with 
spontaneous clinical improvement and resolution of headaches 
and angiographic abnormalities occurring during a few weeks. 
Successful outcomes including alleviation of symptoms and rapid 
reversibility of vascular abnormalities have been reported with a 
variety of modalities including calcium-channel blockers (Dodick, 
2003; Lu et al., 2004; Nowak et al., 2003), brief courses of gluco¬ 
corticoids (Hajj-Ali etal., 2002), and magnesium sulfate (Singhal, 
2004b). Calcium-channel blockers such as verapamil, nimodip- 
ine, and nicardipine show more effects on cervico-cranial arter¬ 
ies,and these agents may be preferred. It is difficult to ascertain the 
true effectiveness of these treatments because the headache and 
angiographic abnormalities are known to fluctuate and to resolve 
spontaneously even with simple observation (Ducros et al., 2007; 
Hajj-Ali etal., 2002; Singhal, 2004b; Singhal etal., 2002). 

All potentially vasoconstrictive drugs should be discontinued 
whenever this diagnosis is suspected. Headaches should be treated 
with analgesic medications, and drugs like sumatriptan, which 
have vasoconstrictive effects, should be avoided (Meschia et al., 
1998; Singhal etal., 2002). Because the Valsalva maneuver can pre¬ 
cipitate headache exacerbations, precautionary measures such as 
the use of stool softeners and avoidance of heavy physical exer¬ 
tion are probably beneficial. Seizures, if present, usually do not 


recur after the initial few days, and prolonged use of antiepilep¬ 
tics is unnecessary in the absence of brain hemorrhage or chronic 
stroke-induced seizures. Because distinction between RCVS and 
primary angiitis of the CNS can be difficult in the initial stages, 
a short course of steroids to treat possible vasculitis is sometimes 
justified. Long-term steroid therapy is fraught with complications, 
and steroids should be discontinued if serial angiography shows 
resolution. A brief course of steroids does not cure true vasculitis, 
so reversible cerebral vasoconstriction is a more likely diagnosis if 
complete remission follows a short steroid course. 

Most patients remain stable despite severe angiographic abnor¬ 
malities and do not require admission to the neurological criti¬ 
cal care unit. Patients who deteriorate usually do so within the 
first week, and should be promptly transferred to the intensive 
care unit for careful hydration and blood pressure and TCD mon¬ 
itoring. Blood pressure management in this syndrome can be 
challenging. Acute hypertension can precipitate further vasocon¬ 
striction, and pharmacologically induced hypertension should be 
avoided (Rosenbloom and Singhal, 2007). In contrast, hypotension 
can theoretically reduce cerebral perfusion pressure and result 
in stroke. Some patients can develop progressive vasoconstric¬ 
tion and stroke, and in this circumstance emergent interven¬ 
tion with balloon angioplasty (Ringer etal., 2001) or intra-arterial 
nicardipine (Badjatia et al., 2004) may be considered, although 
some patients deteriorate despite these aggressive measures (Song 
etal., 2004). 

Prognosis 

Most patients with RCVS recover completely or near-completely 
within days to weeks. Fulminant vasoconstriction resulting in pro¬ 
gressive symptoms (Ringer et al., 2001) or death (Buckle et al., 
1964; Geraghtyeru/., 1991; Singhal, 2002b) can occur in rare cases. 
There may be a lag in the resolution of the clinical or angio¬ 
graphic features after either has resolved. It should be noted that 
“reversibility" in the term RCVS refers to reversibility of vasocon¬ 
striction, and that some patients may be left with permanent 
neurological deficits from infarcts or hemorrhages. Recurrence of 
anRCVSepisode (i.e. after headaches stop recurring and aftervaso¬ 
constriction reversal has been documented) is virtually unknown 
and has been reported in only one patient with postpartum 
angiopathy (Ursell etal., 1998). There is no evidence that the risk 
for complications such as eclampsia or pre-eclampsia in subse¬ 
quent pregnancies is increased following an episode of postpar¬ 
tum angiopathy. 
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ECLAMPSIA AND STROKE DURING PREGNANCY 
AND THE PUERPERIUM 

Kathleen B. Digre, Michael Varner, and Louis R. Caplan 


Introduction 


Eclampsia derives from an ancient Greek word that means “to 
shine forth.” The term was originally used to describe epilep¬ 
tic convulsions or seizures. In the twentieth century the term 
became synonymous with the pregnancy-specific condition pre¬ 
eclampsia or toxemia of pregnancy. Toxemia of pregnancy (tox¬ 
emia gravidarum) is an old term that suggested a spectrum of 
findings related to the acute or subacute development of hyper¬ 
tension during pregnancy. The term literally means a “toxin in the 
blood, ” reflecting the idea that some toxic substance released from 
the uterus, placenta, or fetus was responsible for the disorder. The 
terms eclampsia and pre-eclampsia are now preferred. 

Pre-eclampsia is a syndrome unique to human pregnancy char¬ 
acterized by the new onset of hypertension (>140/90 mmHg) and 
proteinuria after 20 weeks of gestation in previously normo tensive, 
nonproteinuric women (American College of Obstetricians and 
Gynecologists [ACOG], 2002). In its “purest” form, it is described 
in previously healthy young (age < 25 years) women in their first 
pregnancy with no antecedent history of hypertension or protein¬ 
uria (Chesley, 1985). Severe pre-eclampsia is characterized by even 
higher elevation of blood pressure, and/or more than 5 grams of 
protein in the urine. 

Eclampsia is a life-threatening complication and is charac¬ 
terized by the same findings as pre-eclampsia but, in addition, 
includes generalized seizure, altered consciousness, or blindness 
in a pre-eclamptic woman with no other obvious explanation for 
her seizures. Criteria for the diagnosis of pre-eclampsia, severe 
pre-eclampsia, and eclampsia have been developed (Tables 68.1, 
68.2, 68.3). 

Severe pre-eclampsia and eclampsia (SPE/E) may be compli¬ 
cated by the syndrome of HELLP - hemolysis, elevated liver func¬ 
tion tests, and low platelets. HELLP occurs in about 1 in 5 women 
with severe pre-eclampsia (Sibai, 1992). HELLP syndrome is asso¬ 
ciated with poor outcome to pregnancy and even maternal and 
fetal death (Sibai, 1992). The term was coined by Weinstein (1982) 
to aid the clinician in the recognition of a complication of severe 
pre-eclampsia that was associated with significant liver dysfunc¬ 
tion. The importance of recognizing HELLP syndrome is that 
women who meet criteria for this syndrome are at high risk for 
serious maternal complications such as disseminated intravascu¬ 
lar coagulation (DIC), abruptio placenta, acute renal failure, hep¬ 
atic failure, pulmonary edema, cerebral edema, stroke, and death 
and require immediate hospitalization and treatment (O’Brien 
and Barton, 2005). 


SPE/E usually develop in the third trimester or within 48 hours 
after delivery. Delayed postpartum eclampsia (or delayed-onset 
eclampsia) is the same condition but occurring more than 48 
hours after delivery. While most women develop SPE/E while preg¬ 
nant, up to 48% (Sibai, 1992) can have the occurrence postpartum. 
Delayed or late-onset postpartum SPE/E can occur up to 4 weeks 
after delivery, but most occur within 1 week (Douglas and Redman, 
1994; Hirshfeld-Cytron etal, 2006). The symptoms and signs may 
develop in a woman who has delivered uneventfully and within 
days has a headache, generalized seizure, or alteration of con¬ 
sciousness. The imaging features are similar to typical eclampsia. 

Sometimes there is difficulty in recognition of the syndrome 
postpartum, and patients don’t always exhibit pre-eclampsia 
before delivery. The origin of late postpartum eclampsia remains 
unclear. On occasion, retained placental fragments are found 
(Hirshfeld-Cytron etal., 2006). 

The incidence of pre-eclampsia in the United States ranges 
between 5% and 10% of pregnancies (Cunningham et al., 2005; 
Kaunitz et al., 1985; Schobel et al., 1996). Severe pre-eclampsia 
occurs in 5.6/1000 deliveries; eclampsia is less common, occurring 
in 1 /1000 deliveries (Samadi etal., 1996). A recent study in Scandi¬ 
navia noted an incidence of eclampsia to be in 5.0/10 000 materni¬ 
ties (confidence interval [Cl], 4.3-5.7/10 000) (Andersgaard et al., 
2006). In the developing world, however, the incidence of SPE/E 
is much higher and the mortality rate is up to 10 times higher 
(Lopez-Jaramillo etal., 2005). Although the frequency of eclamp¬ 
sia has declined in the United States, pre-eclampsia and eclampsia 
are still major causes of maternal and perinatal mortality. Pre- 
eclampsia and eclampsia make up 20% of all maternal mortality 
(MacKay etal., 2001), and mortality is 2-5/100 cases (Cunningham 
etal., 2005). 

The pre-eclampsia-eclampsia syndrome commonly occurs 
in women with underlying microvascular diseases, particularly 
chronic hypertension, diabetes, renal disease, or autoimmune dis¬ 
ease (Fisher etal., 1981). A systematic review of >1000 controlled 
studies published from 1966 to 2002 found that a previous history 
of pre-eclampsia, multiple pregnancy, nulliparity, pre-existing dia¬ 
betes, high body mass index (BMI) before pregnancy, maternal 
age >40 years, renal disease, hypertension, >10 years since previ¬ 
ous pregnancy, and presence of anti-phospholipid antibodies all 
increased a woman’s risk of developing pre-eclampsia (Duckitt, 
2005). These latter observations are germane to the discussion of 
pathophysiology because the prospect of underlying conditions, 
be they previously recognized or not, being identified in the clinical 
scenario of pre-eclampsia-eclampsia must always be considered. 
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fable 68.1 Criteria for pre-eclampsia 


Blood pressure of 140 mmHg systolic or higher OR 90 mmHg diastolic 
or higher after 20 weeks gestation in a woman with previously 
normal blood pressure 

Proteinuria, 0.3 grams of protein or higher in a 24-hour urine specimen 

Source: Diagnosis and Management of Pre-Eclampsia and Eclampsia 
ACOG Technical Bulletin 33. Washington, DC: ACOG, 2002. Reprinted 
with permission from ACOG. 


fable 68.2 Criteria for severe pre-eclampsia 


Diagnosis of severe pre-eclampsia 

• Pre-eclampsia is considered severe if one or more of the following 
criteria are present: 

• Blood pressure > 160 mmHg systolic or > 110 mmHg diastolic 
« Proteinuria > 5 g/24 h (normal < 300 mg/24 h) or > 3+ on two 

random urine samples 

• Oliguria < 500 cc in 24 hours 

• Cerebral or visual disturbances 

• Pulmonary edema or cyanosis 

• Epigastric or right upper quadrant pain 

• Impaired liver function 

• Thrombocytopenia 

• Fetal growth restriction 

Source : Diagnosis and Management of Pre-Eclampsia and Eclampsia 
ACOG Technical Bulletin 33. Washington, DC: ACOG, 2002. Reprinted 
with permission from ACOG. 


fable 68.3 Criteria for eclampsia 


Eclampsia is the presence of a new onset of seizure in a pre-eclamptic 
woman without other obvious underlying etiology. 


Elevated BMI as well as elevated inflammatory markers such as 
C-reactive protein and elevated triglycerides seem to be risk fac¬ 
tors for the development of SPE/E (Bodnar etal., 2005). Table 68.4 
lists risk factors for the development of SPE/E. 

African-American women face a higher frequency of SPE/E and 
a higher mortality rate (MacKay et al., 2001). Many reasons have 
been given for this, ranging from higher levels of homocysteine in 
African-American women to increased rates of premorbid hyper¬ 
tension. A recent large population-based study by the Centers 
for Disease Control and Prevention (CDC) found that African- 
American women did not have that much higher a prevalence of 
SPE/E as Caucasian women did, but they died from SPE/E three 
times more frequently (Tucker etal., 2007). 

There is no single test that can predict who is going to get pre¬ 
eclampsia. Although uric acid is used as a screening tool, its pre¬ 
dictive value is only about 33% (Lim, 1998), and a meta-analysis of 
several trials found uric acid levels to be a very poor predictor of 


Table 68.4 Risk factors for the development of SPE/E 


Women during their first pregnancy 
Pre-eclampsia in past pregnancies 

History of chronic hypertension, diabetes, or other vascular and 
connective tissue disease 

Family history of pre-eclampsia, cardiovascular disease, heart disease, 
stroke, or renal disorders 

History of anti-phospholipid antibody syndrome and other 
thrombophilias 
Poorly nourished women 
Women older than 35 years 
Low plasma volume 
BMI over 35 

Elevated C-reactive protein 
Elevated triglycerides 
Elevated homocysteine 
Multiple pregnancies 
African-American race 

Sources: Aardenburg, et al., 2006; Sibai, 1989; ACOG, 2002; Duckitt, 
Harrington, 2005 


SPE/E (Thangaratinam etal., 2006). Fortunately, the fundamental 
tenets of perinatal care (serial determinations of blood pressure, 
proteinuria, and weight gain at increasingly frequent intervals) are 
designed to detect pre-eclampsia before it progresses to SPE/E. 

Most women with pre-eclampsia have no neurologic symp¬ 
toms. However as the disease progresses, the most common ini¬ 
tial symptoms are headache and scotomas. Any pre-eclamptic 
woman with symptoms has advanced to severe pre-eclampsia 
(Table 68.2). As the disease progresses, the symptoms increase to 
include headache (present in the vast maj ority), photophobia, dif¬ 
ficulty concentrating, and lethargy. If the patient develops seizures, 
coma, cortical blindness, or stroke, the patient has eclampsia. 

The diagnoses of pre-eclampsia and eclampsia are based on 
clinical symptoms and signs and on laboratory abnormalities. 
Elevation of uric acid, thrombocytopenia, decreased level of 
antithrombin III, DIC, and HELLP syndrome all establish the 
diagnosis. 

Complications of SPE/E include pulmonary edema, respiratory 
failure, kidney and liver failure, the HELLP syndrome, abruption 
of the placenta with or without DIC, seizures, status epilepti- 
cus, hypoxia from recurrent seizures, aspiration pneumonia, and 
stroke (including the posterior reversible encephalopathy syn¬ 
drome [PRES]) (Ringelstein and Knecht, 2006). The outcome for 
the neonate in SPE/E should also be considered. Pre-eclampsia is 
an independent risk factor for stroke in neonates (Wu ef al., 2004). 

Having pre-eclampsia may be a risk factor for future cerebrovas¬ 
cular disease (Brown et al, 2006; Irgens et al., 2001; Sattar and 
Greer, 2002; Wilson, Watson et al., 2003). A family history of pre¬ 
eclampsia increases a woman’s odds of having pre-eclampsia by 
almost 3 (Relative Risk 2.9) (Duckitt and Harrington, 2005). Fur¬ 
thermore, if two or more first-degree relatives have cardiovascular 
disease, the risk for pre-eclampsia is doubled, and if there is heart 
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disease or stroke in two or more first-degree relatives, the risk is 
tripled (Ness et al., 2003). Sattar and Greer (2002) suggest that a 
history of pre-eclampsia should increase surveillance for other 
vascular disorders. 

The only cure for pre-eclampsia is delivery. In general, this 
should be recommended whenever the woman has reached the 
diagnosis of SPE/E or the fetus is either mature or developing in 
utero compromise (see discussion on treatment). 


Strokes and posterior encephalopathy associated 
with pre-eclampsia and eclampsia 

The three pregnancy-specific causes of stroke are: eclampsia, 
amniotic fluid embolism, and choriocarcinoma. The rest of the 
causes of stroke, although they may be increased in pregnancy, 
are generally ischemic, venous, or embolic. While pre-eclampsia 
and eclampsia are often thought to be the most common causes of 
stroke in pregnancy, other causes (particularly cardiac embolism) 
should be considered (Liang, et al., 2006). Eclampsia is the most 
common pregnancy-specific cause of stroke. 

Recognition of stroke with SPE/E includes the development of 
sudden onset of focal neurological deficits in patients who have 
the neurologic features of headache, confusion, and seizures that 
accompany SPE/E. 

In two population-based studies, pre-eclampsia and eclampsia 
accounted for 24%-47% of ischemic strokes during pregnancy or 
the puerperium (Kittner et al., 1996; Sharshar et al., 1995), and 
also accounted for 14%-44% of intracerebral hemorrhages dur¬ 
ing this same time period (Kittner et al., 1996; Sharshar et al., 
1995). Intraparenchymal hemorrhages are a common finding in 
fatal cases; they are found in >40% of patients studied at autopsy 
(MasandLamy, 1998a, b; Sheehan and Lynch, 1973). While eclamp¬ 
sia is a common cause of hemorrhagic stroke, consideration of 
other causes such as an underlying arteriovenous malformation, 
bleeding diathesis, and aneurysmal hemorrhage should also be 
considered when hemorrhage is detected (Liang etal., 2006; Witlin 
etal., 1997). 

In a large study of 4024 maternal deaths monitored at the CDC, 
20% of the deaths (790) were equally split between pre-eclampsia 
and eclampsia. Cerebrovascular ischemia made up the majority 
of deaths in SPE/E in this study (39%). Thirty-five percent of the 
deaths were from cerebral hemorrhage, 3% from cerebral edema, 
and only 1% from embolism. HELLP syndrome accounted for 7% 
of the deaths in patients with SPE/E (MacKay et al., 2001). 

Almost all studies show that brain hemorrhages cause the major 
morbidity and mortality from stroke in patients with SPE/E. Shee¬ 
han and Lynch who published the classic monograph of “The 
Pathology of Toxemia in Pregnancy” in 1973 noted that those 
who died within 24 hours of a brain hemorrhage bled into the 
basal ganglia or pons (Sheehan and Lynch, 1973). At autopsy, 
intracerebral hemorrhages range from multiple scattered corti¬ 
cal and subcortical petechiae, to small hemorrhages most often 
located at cortical-subcortical junctions, to massive hematomas 
(MasandLamy, 1998a,b; Richards etal., 1988; Sheehan and Lynch, 
1973). However, subarachnoid hemorrhage has been reported in 


association with eclampsia in individuals without underlying 
aneurysm or arteriovenous malformation (Shah, 2003). 

Patients with intracerebral hemorrhage have a poorer outcome 
compared to patients with ischemic stroke: A study by Martin et al. 
(2005) showed that 25 of 28 women who had a stroke during SPE/E 
had brain hemorrhages. Fifty-three percent of these women died, 
and only three women had good outcomes. 

The “He de France” study showed similar findings. Seven 
patients had hemorrhagic strokes. Of these, eclampsia was associ¬ 
ated with the HELLP syndrome in two patients, and DIC in another 
two patients. Most intracerebral hemorrhages were lobar (4/7), 
with hemorrhages in the brainstem (2/7) and lenticulostriate ter¬ 
ritory (1/7) accounting for the rest (Sharshar etal., 1995). 

Most of the strokes and hemorrhages in SPE/E occur in the late 
third trimester and in the immediate postpartum period. Martin 
et al. (2005) found that more than half of his patients had their 
strokes postpartum. See Table 68.5 for a review of published series 
on strokes associated with SPE/E. 

More common than strokes in SPE/E is an encephalopathic dis¬ 
order that is reversible if hypertension is effectively and rapidly 
controlled. The initial symptom is usually headache followed by 
agitation and reduced alertness. Visual aberrations are common 
and range from severe cortical blindness, to vivid visual halluci¬ 
nations, to visual agnosias of the Balint type. Difficulties making 
new memories, impaired concentration, and loss of precision in 
language are often found when sought. Gerstmann syndrome has 
also been reported (alexia, agraphia, acalculia, right-left confu¬ 
sion, and finger agnosia) (Kasmann and Ruprecht, 1995). Hemi- 
anopia can occur but is less common. Minor motor weakness 
and ataxia occur, but frank paralysis is rare. If untreated, stu¬ 
por and coma may intervene. The encephalopathy is identical to 
that found in patients with hypertensive encephalopathy and/or 
acute glomerulonephritis with uremia and in some patients who 
are given immunosuppressant therapy after organ transplantation 
(Hinchey etal., 1996). Although the encephalopathy is reversible in 
most people, some may have brain infarction and persistent neu¬ 
rological signs including death associated with the encephalopa¬ 
thy. In the Witlin etal. (1997) series of cerebrovascular disorders in 
pregnancy, 3 of 24 women had hypertensive encephalopathy, and 
all three women died. When stroke does occur, consideration for 
underlying hypercoagulable factors may be helpful. One patient 
with pre-eclampsia had a postpartum stroke complicated not only 
by HELLP but also by a prothrombin gene mutation (Altamura 
etal., 2005). 

Cortical blindness is a frequent presenting sign of SPE/E 
encephalopathy. Patients present with complaints of blindness 
along with other variable features of SPE/E including headache, 
nausea, and seizures. Various visual syndromes such as alexia, 
simultanagnosia, homonymous hemianopia, and Balint syn¬ 
drome are also reported. Why cortical blindness should be rel¬ 
atively common (estimated as up to 15% of cases of eclampsia) 
should not be surprising, because the posterior circulation vascu¬ 
lature is most often involved. The reason for the posterior circu¬ 
lation involvement is thought to be less sympathetic innervation 
of the posterior circulation (Manfredi et al., 1997; Schwartz et al., 
2000). The diagnosis of cortical blindness is made when the patient 
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fable 68.5 Strokes in SPE/E 






Study: Stroke in SPE/E 

N 

No. strokes 

wSPE/E 

Timing 

Hemorrhagic 

Ischemic 

Outcome 

Simolke etal., 1991 

15 preg 

3 

Third 

3 

0 

1 death; 1 left 

hemiparesis 

Awada etal, 1995 

12 preg 

1 

Third 

0 

1 

0 deaths because of E 

Sharshar etal., 1995 

31 preg 

14 (45%) 

1 pp 6 third 

7 

7 

3 deaths of ICH group 

Kittner etal., 1996 

31 preg 

6 (19%) 

4 third 2 pp 

2 

4 

? 

Witlin etal., 1997 

23 Preg 

4 (17%) 

? 

2 

2 

2 deaths 

laigobin and Silver, 2000 

34 preg 

7 (21%) 


1 

3 (+3 venous sinus 

thrombosis) 

0 deaths 

Lanska, 2000 

183 preg 

98 (54%) 

57 peri 30 pp 

? 

? + 11 with venous 

sinus thrombosis 

0 deaths 

leng etal., 2004 

49 preg 

8 (16%) 

? 

7 

1 

? 

Liang etal., 2006 

32 preg 

7 (22%) 

? 

5 

2 

? 

Douglas and Redman, 

1994 

382 E 

8 (2%) 

? 

1 ended in 

persistent 
vegetative state 

7 

Only 7 deaths total in the 

E group 

Loureiro etal., 2003 

17 SPE/E 

4 


0 

4 

0 deaths 

Zeeman etal., 2004 

24 E 

6 


0 

6 

0 deaths; 5 with gliotic 
changes on MRI 

Martin et al., 2005 

28 PE/E 

28 all strokes 

in SPE/E 

12 third 16 pp 

25 

2 

15/28 (53%) mortality; 
only 3 without major 
disability 

Andersgaard etal., 

2006 

211 PE/E 

3 (1.4%) 

? 

? 

? 

Severe deficits 


Preg=series of pregnant women with stroke; PE/E: series of women with pre-eclampsia/eclampsia; E = series with eclampsia. Timing: pp = postpartum; 
peri = peripartum; third = third trimester; ICEi = intracranial hemorrhage. 


exhibits no visual behavior (e.g. does not have eye movement to 
an optokinetic drum) and has intact pupillary light reflexes. One 
of the best tests for diagnosing simultanagnosia (not being able to 
see the whole visual field at once) is the Cookie Theft Picture from 
the Boston Naming test. In one study, 97% (29/30) women with 
eclampsia could not describe the picture. This finding correlated 
completely with abnormalities seen on the MRI (Hoffmann etal., 
2002). Fortunately, most cases of cortical blindness associated with 
SPE/E resolve with few neurological deficits (Cunningham et al., 
1995). Although most authors report that the visual symptoms are 
reversible and most patients have a return to normal vision, if there 
is hemorrhagic infarction, particularly with the HELLP syndrome, 
permanent defects can result (Murphy and Ayazifar, 2005). 

Visual loss in SPE/E can also occur from retinal, choroidal, and 
optic nerve ischemia and infarction. Chorioretinal infarcts have 
been reported to cause serous retinal detachments and visual loss 
with SPE/E. While the incidence may be even higher, choroidal 
infarcts with serous retinal detachments are thought to occur in 
about 1% of pre-eclampsia cases (Iida and Kishi, 2002; Sathish and 
Arnold, 2000). Because retinal changes and optic disc swelling may 
also cause visual loss, a funduscopic examination is also recom¬ 
mended (Digre and Corbett, 2003). Although most of the changes 
in the fundus are reversible, permanent retinal changes and visual 


loss can occur (Moseman and Shelton, 2002; Murphy and Ayazifar, 
2005). An Amsler Grid is helpful in making the diagnosis of focal 
chorioretinal lesions. See Figure 68.1 for an example of a woman 
with visual aberrations that showed defects on the Amsler Grid. 
Amsler Grid abnormalities actually correlated with finding MRI 
abnormalities (Digre etal., 1995). 

Rarely, cerebral brain herniation has been described with SPE / E- 
associated PRES. The outcome can vary (Belogolovkin etal., 2006; 
Cunningham and Twickler, 2000). 

Brain and vascular imaging 

Brain imaging has become essential in properly diagnosing acute 
neurological changes in pregnant women. Imaging assists in the 
diagnosis of tumor, aneurysm, arteriovenous malformations, and 
dural venous sinus thrombosis that may have clinical presenta¬ 
tions similar to SPE/E. Imaging characteristics of SPE/E are essen¬ 
tial in differentiating this condition from other complications that 
may mimic it; imaging also can show the complication of stroke. 
In one study, imaging diagnosed a different condition than the 
suspected eclampsia (Witlin etal., 1997). 

CT is most useful in separating hemorrhage from ischemia 
from encephalopathy in patients with typical eclampsia. 
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(a) OS 




Figure 68.1 (a) Amsler Grid findings in a woman with severe pre-eclampsia 
who had choroidal infarctions. OD = right eye, OS = left eye. (b) A fluorescein 
angiogram of a woman with severe-pre-eclampsia showing choroidal 
infarctions. These resolved postpartum. From Digre and Corbett, 2003 (with 
permission from authors). 


Hemorrhage may be lobar, intraventricular, or subarachnoid. In 
the encephalopathy syndrome of eclampsia, CT scans show white 
matter hypodensities that are usually symmetric, in the cere¬ 
bral cortex, subcortical white matter, and the supratentorial deep 
gray matter. (See Figure 68.2, typical intraventricular hemorrhage). 
These abnormalities are predominantly located within the occip¬ 
ital and parietal areas, but they spare the paramedian, calcarine, 
and peristriate regions and are seen in women with SPE/E who 
have the acute encephalopathy syndrome that usually includes 
acute development of seizures and occasionally cortical blindness 
(Colosimo etal., 1985; Dahmus et al, 1992; Duncan et al, 1989; 
Kirby and Jaindl, 1984; LauefaZ., 1987). 

Whereas CT scans have been abnormal in 33% of eclamptic 
patients (Dahmus et al, 1992), MRI scans are abnormal in 48- 
100% of patients with eclampsia (Dahmus etal., 1992; Demirtas et 
al, 2005; Digre et al., 1993; Raps et al., 1993; Sengar et al., 1997). 
The changes found on MRI include punctate or confluent areas of 



Figure 68.2 An acute intraventricular hemorrhage occurred in this woman with 
eclampsia. 


increased foci on T2-weighted images in the centrum semiovale 
and the deep white matter, predominantly in the posterior pari¬ 
etal and occipital lobes (Dahmus etal., 1992; Hinchey el al., 1996; 
Schwartz etal., 2000), at the gray-white junction, and in the exter¬ 
nal capsule, the basal ganglia, and occasionally in the cerebellum 
(Sengar etal., 1997). In one study, all patients with abnormal MRI 
showed changes in the occipital lobe, followed by parietal, frontal, 
and temporal lobes (Demirtas et al., 2005). In this study, patients 
with abnormal MRI were more likely to have seizures, visual dis¬ 
turbances, and alteration in consciousness than were those who 
had no lesions. However, the occipital lobe is not always the pre¬ 
dominate site. There are reports of basal ganglia and frontal lobe 
involvement alone, but these are thought to be atypical manifes¬ 
tations (Ahn etal., 2004). 

The MRI findings in pre-eclamptic patients are somewhat dif¬ 
ferent from those found in eclampsia. In one study, the abnor¬ 
malities in pre-eclampsia were present in the white matter only, 
and predominantly in the frontal and parietal areas, and not at 
the gray-white junction (Digre etal., 1993). Patients with eclamp¬ 
sia have a characteristic curvilinear abnormality at the gray-white 
matter junction that was not seen in patients with pre-eclampsia; 
this Ending was used to help differentiate various causes of neuro¬ 
logical symptoms in pregnant women (Digre etal., 1993; Schwartz 
etal., 2000; Sengar etal., 1997). Most often, there is no evidence of 
microhemorrhages or microinfarcts, but this may be secondary to 
the microscopic size of the lesions and to the limits of the MRI res¬ 
olution, or the absence of microhemorrhages and microinfarcts 
may be more in keeping with the findings being mainly vasogenic 
edema (Figures 68.3, a-d). 

The MRI abnormalities of hyperintense signal on T2-weighted 
and hypointense signal on T2-weighted images, respectively, 
located in the posterior parietal and occipital lobes, are usually 
reversible in most of the patients studied (Duncan et al, 1989; 
Hinchey etal., 1996; Raps etal., 1993; Raroque etal., 1990; Sanders 
etal., 1991; Schwartz etal., 1992; Sengar etal., 1997; Singhal, 2004). 
These types of changes have been termed reversible posterior 
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Figure 68.3 (a-c) T2-weighted images of a woman with severe pre-eclampsia. Notice the predominance of signals in the posterior parietal and occipital regions 
(arrows), (d) Compare with (c), where the lesions have almost totally resolved within 1 month. 


leukoencephalopathy or PRES and are thought to represent a peri- 
partum angiopathy (Singhal, 2004). See Figure 68.4, a and b, for a 
typical case of cortical blindness on MRI. 

Newer techniques such as diffusion-weighted imaging (DWI) 
and apparent diffusion coefficient (ADC) are very helpful in under¬ 
standing the relationship of edema and infarction. DWI detects 
water molecule changes in tissues. If there is vasogenic edema 
with increased extracellular fluid, the characteristic signal is either 
normal or reduced brightness. If there is cytotoxic edema, a 


hyperintense or very bright signal is produced. Bright signal on 
DWI can also be “T2 shine though”; therefore, it is not entirely 
clear using only the DWI whether infarction has occurred. The 
ADC map is independent of T2 effects. Therefore, decreased atten¬ 
uation or darkness on an ADC map shows restricted flow of water, 
and therefore signifies ischemic stroke in that area. If the ADC is 
elevated or bright, then what is seen on DWI represents vasogenic 
edema (Hoffmann et al. } 2002; Koch et al., 2001; Schaefer et al., 
1997; Schwartz et al, 2000; Zeeman etal., 2004). 
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Figure 68.4 (a) Woman with postpartum cortical blindness and eclampsia (hypertension, seizure) showed typical abnormalities on MRI. She completely recovered 
within 24 hours, (b) Her magnetic resonance angiography (MRA) showed vasoconstriction of the posterior cerebral arteries and basilar artery. From Digre et al., 2005 
with permission. 


Factors that bode well for reversibility include cortical lesions 
and subcortical lesions. Brain stem and deep white matter 
change did less well (Pande et al., 2006). Eclampsia as a cause 
of PRES is more likely to be reversible and have fewer per¬ 
manent residues than other PRES syndromes (Pande et al., 
2006). Although hemorrhages are occasionally found, these are 


much less common than areas of vasogenic edema. Some 
have used MRI to correlate with other findings in eclamp¬ 
sia. Schwartz et al. (2000) found that MRI vasogenic edema 
correlated best with aberrant red cell morphology and lactate 
dehydrogenase levels rather than with the height of the blood 
pressure. 
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Not all PRES is reversible, however. In a prospective study, Zee- 
man ef al. (2004) found that, of 25 of 27 women with eclampsia, 
two had MRI abnormalities that have been described in PRES. Fif¬ 
teen of the 27 had hyperintense lesions on DWI (meaning that 
at least vasogenic edema was present in 55%). Six had infarction 
on ADC mapping (low-intensity lesions), and gliosis was seen in 
five of the six patients who had repeat imaging postpartum. The 
authors posited that the sixth patient probably had gliosis below 
the limit of detection of the MRI scan (Zeeman etal., 2004). Oth¬ 
ers have had similar experience (Loureiro etal., 2003). See Figure 
68.5, a and b, showing vasogenic edema on both the DWI andADC 
map. 

Angiography is characteristic in patients with eclampsia (Call 
etal., 1988; Raps et al., 1993; Tommer etal., 1988). The vasocon¬ 
striction usually involves large arteries along the Circle of Willis 
as well as small circumferential branch arteries. The constriction 
is most often multifocal, but it can also be diffuse. Some areas of 
vasoconstriction alternate with regions of vasodilatation, giving 
the vessels a sausage-shaped appearance. MRA has shown similar 
vascular abnormalities (Ito et al., 1995; Sengar et al., 1997) (see 
Figure 68.4b). The angiographic abnormalities are usually 
reversible when follow-up studies are performed (Sengar et al., 
1997). The severity of vasoconstriction does not correlate with 
the severity of the hypertension (Easton etal., 1998). Transcranial 
Doppler (TCD) ultrasound is a good noninvasive way to moni¬ 
tor the vasoconstriction. Qureshi et al. (1996) studied 11 women 
with eclampsia using TCD, and found elevated blood flow veloc¬ 
ities and lower average pulsatility indexes compared to those in 
pre-eclamptic women and those in women with normal pregnan¬ 
cies. In one study TCD correlated with narrowing found in MRA. 
and as the vasculature normalized by MRA, TCD measurements 
did as well (Ikeda etal., 2002) TCD has also been used effectively 
to study patients with postpartum cerebral angiopathy (Bogous- 
slavsky et al., 1989). Patients whose angiography shows vasocon¬ 
striction have usually had multifocal white matter abnormalities 
on brain-imaging scans. 

Fluorodeoxyglucose-positron emission tomography (FDG- 
PET) imaging has shown altered glucose metabolism in areas of 
the T2 signal abnormalities that normalize after resolution of the 
eclampsia (Zunker etal., 2003). 

Electroencephalography (EEG) has been reported to correlate 
with abnormal MRI scans, and in one patient with an intracere¬ 
bral hemorrhage, the EEG abnormalities persisted for more than 
6 months (Osmanagaoglu etal., 2005). 

Differential diagnosis 

The differential diagnosis of SPE/E includes dural sinus thrombo¬ 
sis and a reversible cerebral vasoconstriction syndrome. Cerebral 
dural sinus thrombosis is more common during the puerperium 
than during pregnancy (Cantu and Barinagarrementeria, 1993; 
Chopra and Banerjee, 1989; Srinivasan, 1983,1988). Headache and 
seizures are prominent features of both dural sinus occlusion and 
eclampsia, but patients with dural sinus occlusions are usually not 
hypertensive, and the clinical and CT abnormalities in patients 
with dural sinus occlusions are usually focal and not as multifocal 



Figure 68.5 (a) DWI is bright and the correlating (b) ADC map is also bright, 
indicating vasogenic edema in this woman with eclampsia. 

as in eclampsia. The majority of cerebral venous thromboses occur 
postpartum and are more common in women with complicated 
deliveries. 

The reversible cerebral vasoconstriction syndrome (sometimes 
called the Call-Fleming syndrome) is a clinical and angiographic 
syndrome characterized by onset of a severe headache (sometimes 
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Table 68.6 Differential diagnosis of SPE/E 


Venous thrombosis: especially cortical vein thrombosis 
Embolic stroke 

Reversible angiopathy (often postpartum) 

Drug abuse: cocaine, amphetamines, sympathomimetics 
Seizure disorder: epilepsy 
Intracranial hemorrhage 
Thrombotic thrombocytopenia purpura 
Hypertension: chronic, renal disease, primary aldosteronism, 
Cushing’s syndrome, pheochromocytoma, coarctation of the Aorta, 
glomerulonephritis, and other renal disease 
Vasculitis 

Behavioral disturbances 

Acute fatty metamorphosis of pregnancy 

Long-chain 3-hydroxyacyl-coenzyme A dehydrogenase deficiency 
(LCHAD deficiency) 

Systemic lupus erythematosis 

Budd-Chiari 

Watershed infarction 

Source: Adapted from Varner, 2002. 


called a ‘'thunderclap” headache), seizures, focal neurological 
findings, and angiographic evidence of multiple arterial constric¬ 
tions. This disorder is most common in women and often devel¬ 
ops in the postpartum period (Call et al., 1988; Neudecker et al., 
2006). When reversible cerebral vasoconstriction syndrome occurs 
in the puerperium, it is called postpartum cerebral angiopa¬ 
thy (Barinagarrementeria et al., 1992; Bogousslavsky et al., 1989; 
Comabella et al., 1996; Raroque et al., 1993; Roh and Park, 
1998; Singhal 2004; Ursell et al., 1998). While the headache, 
seizures, and neurological deficits mimic SPE/E, the angiopa¬ 
thy on the scan involves white matter less frequently and less 
extensively than SPE/E does. Furthermore, many (but not all) 
of the patients do not have hypertension. Small cortical hem¬ 
orrhages can accompany and complicate the angiopathy (Roh 
and Park, 1998; Singhal, 2004; Ursell et al., 1998). The angiopa¬ 
thy and angiographic findings are difficult to separate from 
reversible posterior leukoencephalopathy (Singhal, 2004). In fact, 
this condition really overlaps with SPE/E enough that some have 
proposed that the two conditions suggest a similar underlying 
process (Singhal, 2004). Certain pharmacological agents have 
been associated with the syndrome, including bromocriptine 
(Comabella et al., 1996), ergonovine (Barinagarrementeria et al., 
1992), ergotamines (Modi and Modi, 2000), lisuride (Roh and Park, 
1998), and even serotonin reuptake inhibitors such as fluoxetine 
(Singhal, 2004). The imaging findings are usually reversible. 
Reversible cerebral vasoconstriction syndrome is further dis¬ 
cussed in Chapter 67. 

The differential diagnosis of SPE/E of pregnancy should also 
include other conditions that occur unrelated to pregnancy, e.g. 
brain embolism from cardiac disease, watershed infarction, bleed¬ 
ing diathesis, arterial dissection, and so forth. See Table 68.6 for a 
list of conditions in the differential diagnosis of SPE/E. 


Pathology and pathophysiology of 
pre-eclampsia-eclampsia 

Although the precise etiology of eclampsia and pre-eclampsia 
remains unknown, the consensus opinion remains focused on 
abnormalities of placental implantation. Placental implantation 
site biopsies in pre-eclamptic women show characteristic inade¬ 
quate secondary trophoblast invasion (Granger et al., 2001; Khong 
et al., 1986). Hypoxia to the placenta leads to release of vascu¬ 
lar mediators such as vascular endothelial growth factor (VEGF), 
which leads to endothelial cell injury through unknown media¬ 
tors. This leads to widespread vasospasm, and this vasospasm 
is considered to be central to the condition. Vasoconstriction 
leads to increased resistance to blood flow with resultant hyper¬ 
tension and generalized endothelial disruption. These underly¬ 
ing pathophysiologies are central to the findings in ail organ 
systems. 

How stroke occurs in this setting is not completely understood, 
but there are plausible theories. First, because the pathological 
change is in the endothelium of blood vessels, any genetic ten¬ 
dency toward thrombophilia along with the pathologic endothe¬ 
lial change could be responsible for an ischemic event. Second, 
the endotheliopathy may be partially responsible for the lack of 
autoregulation when there is hypertension, and this could lead to 
ischemia and hemorrhagic stroke (Bushnell etal, 2006). 

Wilson, Goodwin etal. (2003) suggest that behind pre-eclampsia 
lies a genetic predisposition to the condition. Multiple genes that 
regulate blood pressure, especially in the renin-angiotensin sys¬ 
tem, and placental development factors are most attractive. How¬ 
ever, there are three other abnormalities that lead to the develop¬ 
ment of pre-eclampsia according to them. The first is abnormal 
maternal immune adaptation, which may be in response to pater¬ 
nally derived antigens. Further complicating the immune mal- 
adaption are antibodies to endothelial cells. The second is placenta 
ischemia, which occurs when the spiral arteries do not adequately 
widen to the demands of an increasing size of the placenta. The 
third is oxidative stress, which leads to damage of the endothe¬ 
lial cell in the placenta but also in the entire systemic circulation 
(Wilson, Goodwin etal., 2003). 

Easton et al. (1998) reviewed many theories of brain involve¬ 
ment in eclampsia. Hypertensive encephalopathy is frequently 
cited as the underlying syndrome of eclampsia in the brain that 
causes edema and hemorrhages. The brain pathology is similar 
to that seen in hypertensive encephalopathy caused by other fac¬ 
tors. Cerebral blood flow is constant over a wide range of blood 
pressures and is independent of systemic blood pressure until the 
blood pressure rises above the level of autoregulation. At that point, 
vasodilation can occur, tight junctions are loosened, and plasma 
proteins can be extravasated. This process leads to microhemor¬ 
rhages and edema formation. Easton, Mas, etal., 1998, believe that 
eclampsia represents an endotheliopathy. Additional evidence for 
systemic endothelial injury is the frequent biochemical abnormal¬ 
ities that are found in eclamptic persons. High circulating levels 
of von Willebrand factor, endothelin, and the cellular epitope of 
fibronectin have been reported (Easton et al., 1998). These sub¬ 
stances are all known to be released by damaged endothelial cells. 
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Endothelial changes in the brain lead to a breakdown in the normal 
blood-brain barrier and a capillary leak syndrome. The vasocon¬ 
striction and vasodilatation could also represent a vascular reac¬ 
tion to the endothelial abnormality that affects the brain’s blood 
vessels. The sympathetic nervous system must also play a role 
in the brain findings in eclampsia because Schobel et al. (1996) 
showed that the rate of sympathetic nerve activity in patients with 
pre-eclampsia was more than three times higher than that found 
in normotensive pregnant women and more than twice as high as 
that found in hypertensive women who were not pregnant. Height¬ 
ened sympathetic nerve activity could contribute to hypertension 
and vasoconstriction. 

Other theories that have been used to explain the pathologic 
findings include immunological dysfunction, coagulation abnor¬ 
malities, endocrine dysfunction, vasospasm, and even dietary fac¬ 
tors (Sibai, 1992). 

The neurologic signs and symptoms of pre-eclampsia- 
eclampsia are essentially the same as those seen in hyperten¬ 
sive encephalopathy (Barton and Sibai, 1991). These findings are 
most often caused by vasogenic edema that arises from the escape 
of fluid from the intravascular compartment into the intersti- 
tium because of breakthrough of autoregulation. Because the ver¬ 
tebrobasilar system and posterior cerebral arteries are sparsely 
innervated by sympathetic nerves, the occipital lobes and other 
posterior brain regions may be particularly susceptible to break¬ 
through of autoregulation with elevated systemic pressures. Inves¬ 
tigators in recent Doppler ultrasonographic studies have demon¬ 
strated elevated cerebral perfusion pressures and reduced cere¬ 
brovascular resistance (Belfort etal., 1999) inpatients witheclamp- 
sia, and increased regional cerebral blood flow to the occipital 
lobes has been found in those patients who undergo single pho¬ 
ton emission computed tomography (SPECT) (Belfort etal., 2005) 
and xenon CT (Ohno etal., 1999). 

Older autopsy series have reported findings consistent with 
the aforementioned pathophysiology. Small hemorrhages and 
microinfarctions (0.3-1.0 mm) are found scattered in the cere¬ 
bral cortex, usually in an asymmetric distribution, and frequently 
in arterial border-zone regions. These lesions are most commonly 
seen in the occipital lobe, followed by the parietal lobe, frontal lobe, 
and then the temporal lobe, but are rarely found in the cerebel¬ 
lum (Sheehan and Lynch, 1973). The cortical lesions are only 0.3- 
1.0 mm in size, compared to the subcortical hemorrhages that are 
2-6 mm in size. Small hemorrhages (3-5 mm) may also be located 
in the deep white matter and in the caudate and brainstem. Large 
intracerebral hemorrhages may occur in the basal ganglia, pons, or 
cerebral hemispheres, and depending on the location may extend 
to the ventricular system. In all hemorrhagic lesions, the pathology 
shows congested capillaries with surrounding hemorrhage. 

The small cerebral blood vessels often show fibrinoid necrosis of 
the vascular walls. Fibrin thrombi also occlude some small arteries 
and arterioles. Perivascular small hemorrhages are also common 
(Easton etal., 1998). 

Richards et al. (1988) correlated the neuroradiologic find¬ 
ings and clinical status with neuropathologic findings in seven 
patients, and identified seven major neuropathological abnor¬ 
malities including vasculopathy with acute vessel wall damage, 


perivascular microhemorrhages and/or microinfarcts as listed 
above, and intracerebral hemorrhages including subarachnoid 
and intraventricular hemorrhages. They also described edema 
located throughout the brain and not limited to regions of microin¬ 
farctions, and hypoxic brain damage distributed diffusely and 
in border-zone regions; in one patient, there was evidence of 
transtentorial herniation. 

SPE/E shows vascular pathology in almost all of the organs 
examined in postmortem studies (Sheehan and Lynch, 1973). 
The kidneys show “glomerular endotheliosis” (Lindheimer and 
Katz, 1991a). Glomeruli are swollen because of swelling of the 
endothelial and mesangial cells; the swelling results in capillary 
lumen narrowing. Fibrin and thrombi are found in the capillaries 
(Cunningham et al., 2005) and lead to changes to the glomeruli 
and reduction of glomerular filtration; proteinuria results. VEGF 
was found to be elevated in patients with pre-eclampsia undergo¬ 
ing renal biopsy, and this may account for some of the endothe¬ 
lial proliferation (Tang et al., 2005). The liver is also the seat of 
frequent pathological changes. Periportal hemorrhagic necrosis 
develops in the peripheral portion of liver lobules. Frank hemor¬ 
rhages can occur and can lead to enlargement of the liver and even 
rupture of the liver capsule. Liver function tests are often abnormal 
(Cunningham etal., 2005). See Figure 68.6, a and b, for a summary 
of the pathological changes seen in eclampsia. 

Treatment 

The goal of treatment in eclampsia is to medically stabilize the 
woman, stop seizures, lower the blood pressure, decrease cerebral 
edema, and deliver a healthy baby. Magnesium sulfate has been 
proven superior to other treatments in the prevention of further 
seizures. Termination of pregnancy has long been recognized as 
the onlypermanent effective treatment. Delivery is associated with 
resolution of the eclamptic syndrome (Donaldson, 1989). The fetus 
should be delivered expeditiously, although immediate cesarean 
delivery is not mandatory, and in many cases induction of labor 
and vaginal delivery are both possible and preferred. The ACOG 
suggests using magnesium sulfate with a 6 gram loading dose 
diluted in fluid, and delivered intravenously (IV) for 15-20 min¬ 
utes followed by a 2 g/h infusion (ACOG, 2002; Cunningham etal., 
2005). 

Magnesium does not effectively treat the associated hyperten¬ 
sion, and control of hypertension is essential. At times, the blood 
pressure elevation is in the moderate range of hypertension (150- 
170 mmHg systolic), but for that patient this level represents a 
significant and relatively acute rise from her previous blood pres¬ 
sures during pregnancy. It is very important in these patients to 
lower the blood pressure. Treatment of the hypertension is usu¬ 
ally achieved by using hydralazine 5-10 mg IV every 15-20 min¬ 
utes until the target pressure is reached (Cunningham et al., 2005). 
Labetalol also has been suggested to be given in a 20-mg IV bolus; 
if not effective, 40 mg; if still not effective, 80 mg every 10 min¬ 
utes to a maximum dose of 220 mg total (ACOG, 2002; Cunning¬ 
ham etal., 2005). Hydralazine and labetalol were compared in one 
large randomized trial, and there was no difference in the efficacy 
between the two drugs (Vigil-De Gracia et al., 2006). In a recent 
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Figure 68.6 (a) A composite diagram of the pathological specimens reported 
by Sheehan and Lynch (1973). (b) Actual postmortem of woman who died of 
eclampsia. Note the small petechial hemorrhages at the gray-white junction. 
See color plate. From Digre et al., 1993 with permission. Copyright © 1993, 
American Medical Association. All rights reserved. 


both phenytoin and diazepam in preventing recurrent seizures in 
women with eclampsia who have already had a seizure (Eclamp¬ 
sia Trial Collaborative Group, 1995). Another randomized trial 
showed that magnesium was superior to nimodipine in preventing 
seizures in pre-eclampsia (Belfort et al., 2003). The largest study 
of magnesium sulfate (the Magpie Study) once again affirmed the 
effectiveness of magnesium in preventing eclamptic seizures. Not 
only was the frequency of eclamptic seizures reduced by half, but 
maternal mortality was reduced, and there were no adverse effects 
on the infant (Altman et al., 2002). 

Treatment of HELLP syndrome, which complicates severe pre¬ 
eclampsia with glucocorticoids, has been shown to improve lab¬ 
oratory values such as liver function tests, renal function, and 
platelet numbers, but no improvement is made in maternal mor¬ 
tality (Sibai, 2004). Women whose pregnancies are complicated by 
EIELLP are at higher risk for development of pre-eclampsia in sub¬ 
sequent pregnancies (O’Brien and Barton, 2005). Although some 
centers have seen improved outcomes for women with postpar¬ 
tum EIELLP syndrome using high-dose semisynthetic corticos¬ 
teroids (Rose et al., 2004), this finding has not been universally 
reproduced (Barton and Sibai, 2004). 

Reports of successful angioplasty for vasospasm associated 
with eclampsia have been reported in unusually refractory cases 
(Ringer et al., 2001). While treatment of strokes with thrombolytics 
has been reported in pregnancy (Murugappan etal., 2006), tissue 
plasminogen activator (t-PA) has not been used for the treatment 
of stroke in eclampsia. 

Prevention of eclampsia-related strokes and hemorrhages 
seems to be directed toward aggressive treatment of pre-eclampsia 
and severe pre-eclampsia with control of hypertension. Martin et 
al. (2005) found that, besides careful attention to the diastolic pres¬ 
sures, attention to systolic pressure maybe important in prevent¬ 
ing hemorrhagic strokes. 

Prevention of pre-eclampsia in women with high-risk profiles 
seems to be best with low-dose aspirin (Ruano etal., 2005). 

SPE/E remains an important cause of stroke for young women. 
While many controversies exist, treatment is geared at preventing 
and/or stopping seizures, lowering blood pressure, and treating 
with magnesium for the best outcome for mother and infant. 


Cochrane review, no drug was superior to another, but based on 
the evidence reviewed, Duley etal. (2006) recommended avoiding 
diazoxide, ketanserin, nimodipine, and magnesium sulfate for the 
treatment of hypertension. They recognized that magnesium may 
be used to prevent eclampsia, but as an antihypertensive agent, 
there was no evidence for its effectiveness (Duley etal., 2006). The 
goal of therapy should be to reduce the blood pressure below levels 
associated with maternal vascular risks (generally <160/110) but 
to maintain sufficient pressure to adequately perfuse both mother 
and fetus. 

Magnesium has been the key treatment of eclampsia for many 
years. A randomized trial showed that magnesium sulfate was 
superior to phenytoin in preventing eclamptic seizures in hyper¬ 
tensive women admitted to the hospital for delivery (Lucas et al., 
1995). Magnesium sulfate has also been shown to be superior to 
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MIGRAINE AND MIGRAINE-LIKE CONDITIONS 

Sean I. Savitz and Louis R. Caplan 


Various migraine disorders have been associated with stroke. This 
chapter focuses on the complex relationship of migraine with 
stroke and the different mechanisms by which migraine can pre¬ 
dispose to stroke. Poorly understood migraine-like disorders that 
can lead to ischemic infarction are also discussed. 

Migrainous stroke 

There is a higher than expected prevalence of migraine among 
individuals with stroke. Retrospective and prospective studies 
have found an increased risk of ischemic stroke especially among 
migraineurs with aura (Henrich and Horwitz, 1989; Stang et al., 

2005) . A meta-analysis of several observational studies showed a 
twofold risk of ischemic stroke in patients with migraine and a 
threefold risk if migraine was accompanied with aura (Etminan 
et al., 2005). The association between migraine and brain infarc¬ 
tion in young women is even stronger (Chang et al., 1999; Tzou- 
rio et al., 1993, 1995). It is also important to point out that, in 
men, prospective data from the Physician’s Health Study showed a 
twofold risk for ischemic stroke among male doctors with migraine 
(Buring etal., 1995). 

Symptoms that occur during migraine auras closely resemble 
symptoms that result from brain ischemia. One set of symptoms 
so closely resembles vertebrobasilar artery disease that it has been 
dubbed “basilar artery migraine.” Such intermittent symptoms of 
brainstem and cerebellar dysfunction attributable to migraine are 
not limited to the young but occur even in older patients, the same 
population that has arteriosclerotic disease of arteries that supply 
the posterior circulation. 

Various mechanisms have been posited to explain how migraine 
can predispose to stroke. First, ischemic infarction can occur dur¬ 
ing a migraine, a phenomenon that has been termed “migrainous 
stroke." According to the International Headache Society (Olesen, 

2006) , a migrainous stroke is one that occurs in a patient who 
has migraine with aura, and the typical symptoms of the aura 
in a migraine attack persist for more than 1 hour. In addition, 
imaging shows that (i) infarction occurs in a relevant brain area 
that subserves the neurological function appropriate to the aura, 
(ii) neurological symptoms and signs are prolonged, and (iii) no 
other cause is identified. 

During the aura phase of a migraine, spreading depression 
causes vasoconstriction leading to a decline in cerebral blood flow 
to a level that may cause ischemic injury. Vasoconstriction can 
persist and severely compromise blood flow in regions supplied 
by that artery. Vasoconstriction can cause changes in the vascular 


endothelium that lead to activation of platelets and the coagula¬ 
tion cascade promoting thrombosis within the constricted artery. 
In addition, if a patient had vascular risk factors predisposing to 
local thrombosis, the threshold for ischemic injury in the face of 
blood flow reduction may be even lower. However, strokes can 
occur in migraineurs at times when there is no preceding typical 
aura (Caplan 1991,1996; Heinrich, 1986). Bilateral hypoperfusion 
has even been observed in patients during a migraine attack with¬ 
out aura (Woods etal., 1994). 

Migraine and silent infarcts 

There is an increased prevalence of silent infarcts in migraineurs. A 
population-based MRI study found a higher prevalence of cerebel¬ 
lar infarcts in patients with migraine compared to those without 
migraine (Kruit et al., 2004). The odds ratio for posterior circula¬ 
tion infarcts varied according to migraine subtype and attack fre¬ 
quency (Kruit etal, 2004). Spreading depression has been impli¬ 
cated as an important mechanism that may reduce blood flow to 
the cerebellum and cause asymptomatic infarcts. Similarly, Kruit 
et al. (2004) also found that women with migraine have a higher 
prevalence of silent high deep white matter lesions, which may 
represent infarcts, but their clinical significance is unknown (Kruit 
etal., 2004). 

Other mechanisms and associated medical 
conditions predisposing to stroke 

In addition to cortical spreading depression and vasoconstriction, 
migraine may predispose to ischemia by several other mecha¬ 
nisms listed in Table 69.1. Persistent vomiting can lead to intravas¬ 
cular volume depletion and result in cerebral blood flow reduction. 
There is a strong association between patent foramen ovale and 
migraine (Beda and Gill, 2005). A patent foramen ovale permits 
the passage of paradoxical emboli and may allow for chemical 
mediators from the systemic circulation to enter the intracranial 
vasculature and trigger mechanisms within the central nervous 
system that lead to migraines. 

Migraine is also associated with a number of different medi¬ 
cal conditions that pose risks for stroke. For example, migraine is 
thought to predispose to edema of vascular walls and an increased 
susceptibility to arterial dissection. Systemic lupus erythematosis 
(SLE), the antiphospholipid antibody syndrome, MELAS (mito¬ 
chondrial encephalomyopathy, lactic acidosis, and stroke-like 
episodes), CADASIL (cerebral autosomal dominant arteriopathy 
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Table 69.1 Posited relationships between migraine and strokes 
in migraineurs 


1. Migraine is incidental, and the stroke has another well-recognized 
cause. 

2. Systemic disorders cause both migraine headaches and strokes 
(MELAS, CADASIL, cocaine use, SLE, MVP, etc.). 

3. Structural occlusive and other arterial diseases (AVMs, dissections, 
SLE) cause symptoms that mimic migraine. An inherited tendency 
for migraine such as a channelopathy may magnify the likelihood 
that migraine-like phenomena might occur during the course of 
other vascular conditions. 

3. Migraine causes an arterial dissection which, in turn, causes a brain 
infarct. 

4. Migraine accentuates the development of vascular lesions that 
predispose to stroke (aneurysms, fibromuscular dysplasia, 
dissections, etc.). 

5. Migraines are associated with severe vasoconstriction. Prolonged 
and intense vasoconstriction can cause ischemia in the territory 
supplied by the constricted artery. 

6. Migraine and vascular constriction activate platelets that then 
potentiate white thrombus formation. 

7. Migraine and vasoconstriction cause irritation or damage to the 
vascular endothelium with release of substances that activate the 
coagulation cascade and predispose to red clot formation. Red clots 
and white clots are more apt to form in the lumen of the constricted 
arteries and may cause an occlusive thrombosis of the artery with 
subsequent brain infarction. 

8. Migraineurs have a high prevalence of patent foramen oval, which 
could permit the passage of paradoxical emboli to the brain. 

9. Dehydration and vomiting during migraine cause hypovolemia and 
increase the tendency to thrombosis. 

10. Reperfusion of brain regions and arterioles and capillaries 
rendered ischemic during a migraine attack can cause ICH. 

MELAS = mitochondrial encephalomyopathy, lactic acidosis, and 
stroke-like episodes; CADASIL = cerebral autosomal dominant arte- 
riopathy with subcortical infarcts and leukoencephalopathy; SLE = 
systemic lupus erythematosus; MVP = mitral valve prolapse; AVM = 
arteriovenous malformation; ICH = intracerebral hemorrhage. 

with subcortical infarcts and leukoencephalopathy), and mitral 
valve prolapse (MVP) are all associated with migraine or migraine¬ 
like episodes and strokes or stroke-like episodes. Finally, migraine¬ 
like events have been reported to occur in patients with prosthetic 
heart valves (Caplan etal., 1976) andHodgkin’s disease (Feldmann 
and Posner, 1986). 

Migraine and transient global amnesia 

There is a higher prevalence of migraine in patients with tran¬ 
sient global amnesia. Patients may actually have a migraine attack 
associated with the amnestic event. There is an extensive litera¬ 
ture supporting the possibility that the mechanism for some types 
of transient global amnesia is because of a migrainous etiology 


involving spreading depression (Teive et al., 2005). Some studies 
have even documented abnormalities on diffusion and perfusion 
imaging during or days after amnesia (Sedlaczek etal., 2004), sug¬ 
gesting an ischemic mechanism. 

Pseudomigraine with pleocytosis 
(Bartleson syndrome) 

Bartleson syndrome is another disorder associated with focal neu¬ 
rological signs and prominent headache. This disorder occurs 
mostly in young men and is characterized by attacks resem¬ 
bling migrainous auras that occur in a flurry and are accompa¬ 
nied by prominent headache and cerebrospinal fluid pleocytosis 
(Bartleson et al., 1981). Sometimes, a fever occurs. The pleocy¬ 
tosis has a lymphocytic predominance (>100 cells) with an ele¬ 
vated protein, and is not accompanied by other spinal fluid abnor¬ 
malities such as elevated glucose or oligoclonal bands. Although 
some studies suggest that MRI shows no specific structural lesions 
(Gomez-Aranda etal., 1997), we have seen patients with this syn¬ 
drome who have ischemic infarctions. No evidence has been found 
for lyme disease, neurosyphilis, Herpes simplex virus (HSV), neu¬ 
robrucellosis, mycoplasma, HIV meningitis, or granulomatous or 
neoplastic arachnoiditis (Gomez-Aranda et al., 1997). This disor¬ 
der may represent a primary migraine disorder with an inflamma¬ 
tory etiology, but other possibilities include a viral meningovas¬ 
cular infection or some other undefined aseptic meningitis. The 
clinical course of this syndrome is typically self-limited, lasting 
usually from 6 to 12 weeks. 

Stroke-like migraine attacks after 
radiation therapy 

Stroke-like migraine attacks after radiation therapy (SMART) is 
a relatively new syndrome in which stroke-like migraine attacks 
occur as a late consequence of brain irradiation (Black et al., 
2006; Pruitt et al., 2006). Patients begin to have episodes years 
after radiation. The migraine-like events consist of prolonged, but 
reversible, neurological dysfunction that can last for several weeks. 
Headaches are often (but not always) preceded by aura. MRI shows 
diffuse cortical enhancement that self-resolves. No pattern to date 
has been found that associates the dose of radiation, tumor type, 
or specific chemotherapeutic agents with the occurrence of this 
syndrome. 

Cerebral reversible vasoconstriction syndrome 
(Call-Fleming Syndrome) 

Call et al. (1988) called attention to a syndrome that they dubbed 
reversible cerebral segmental vasoconstriction. This condition is 
extensively reviewed in Chapter 67. Many of the patients have had 
or will develop typical migraine. Many of the transient episodes 
resemble migrainous attacks. The onset is often with a thunder¬ 
clap headache (Chen etal., 2006). This condition most often affects 
young women, especially during the puerperium, but also devel¬ 
ops at menopause and is found at all ages. Some patients have 
developed this syndrome after carotid surgery (Lopez-Valdes etal., 
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1997). Vasoconstriction involves many large, medium, and small 
cerebral arteries. The clinical findings include severe headache, 
decreased alertness, seizures, and changing multifocal neurolog¬ 
ical signs. Focal abnormal areas of ischemia are sometimes found 
on MRI scans. Angiography shows sausage-shaped focal regions 
of vasodilatation and multifocal regions of vascular narrowing. 

Brain hemorrhage after migraine attacks 

Cerebral hemorrhages occasionally are reported after a severe 
migraine attack (Caplan 1988; Cole and Aube 1990; Gautier etal., 
1993). The posited explanation is that initially intense vasocon¬ 
striction during the migraine headache leads to ischemia of a local 
brain region with edema and ischemia of the small vessels perfused 
by the constricted artery. When the headache improves vasocon¬ 
striction abates, blood flow to the region is augmented, and the 
reperfusion can cause hemorrhage from the damaged arteries and 
arterioles (Caplan, 1988). The mechanism is the same as that found 
in hemorrhage after carotid endarterectomy and in reperfusion 
after brain embolization. 
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Introduction 

Intravascular lymphoma is a rare, extranodal, large B-cell lym¬ 
phoma in which neoplastic, lymphoid cells proliferate within the 
lumina of small to medium-sized vessels. The disease was first 
described in 1959 by Pfleger and Tappeiner and called angioen- 
dotheliomatosis proliferans systemisata (Pfleger and Tappeiner, 
1959). Subsequently, the disease was referred to as “neoplastic 
angioendotheliomatosis”, “malignant angioendotheliomatosis” or 
“angiotropic lymphoma” (Case records of the Massachusetts Gen¬ 
eral Hospital, 1986; Petito etal, 1978). The current nomenclature- 
intravascular lymphoma or intravascular lymphomatosis - is 
based on the knowledge that the neoplastic cells are of lymphoid 
rather than endothelial origin (Bhawan etal., 1985). 

The proliferating lymphoid cells occlude the involved bloodves¬ 
sels thereby compromising tissue blood flow. The result is ischemic 
damage affecting a variety of organ systems, including the brain 
and spinal cord. The variable sites and extent of the ischemia lead 
to diverse clinical presentations. This clinical heterogeneity com¬ 
bined with the rarity of the disease itself makes diagnosis challeng¬ 
ing. The pathologic process is often not identified until autopsy 
(Devlin et al. } 1998). Without treatment, the disease is nearly uni¬ 
versally fatal. With the use of aggressive, combined chemotherapy, 
however, some patients may achieve complete remission and even 
long-term, disease-free survival (DiGiuseppe etal., 1994). Diagno¬ 
sis requires knowledge of the disease process, its diagnostic fea¬ 
tures, and a high index of suspicion. 


Epidemiology 

Intravascular lymphoma is a rare disease with an estimated inci¬ 
dence of less than one case per million people. It usually occurs in 
the sixth or seventh decade of life, although it has been reported 
in patients ranging from 34 to 90 years old (Zuckerman et al., 
2006). Men and women are equally affected. An ethnic or racial 
propensity for the disease has not been reported, although there 
are regional differences in clinical presentation. A cutaneous vari¬ 
ant of intravascular lymphoma that has been reported in women 
in western countries seems to have a more favorable prognosis 
than does typical intravascular lymphoma (Ferreri, et al., 2004). 
Additionally, a Japanese study may have identified an “Asian vari¬ 
ant” of the disease that is typically associated with a hemophago- 
cytic syndrome, less neurological impairment, and no cutaneous 
involvement (Murase etal., 2007). 


Clinical features 

Our knowledge of the disease manifestations and prognosis is con¬ 
fined to a number of small case series and individual case reports. 
Prognosis of the disease is dismal overall with a median survival 
of untreated patients of 4-7 months. With chemotherapy, prog¬ 
nosis is improved, although reported follow-up is usually short. 
Anghel etal. (2003) reviewed the outcomes of 33 reported patients 
treated with chemotherapy. After a median follow-up of 8 months, 
67% of patients had died. Of those alive, 23% had no evidence 
of disease, including some patients with follow-up of more than 
4 years (Anghel et al., 2003). Poor prognostic factors include age 
> 60 years, thrombocytopenia, and lack of anthracycline-based 
chemotherapy treatment (Murase etal., 2007). 

The most common findings occur in the skin and central ner¬ 
vous system (CNS), although renal, pulmonary, hepatic, splenic, 
adrenal, and cardiac manifestations also occur. Non-neurologic 
presentations include fever of unknown origin, rash, night sweats, 
weight loss, renal failure, and shortness of breath (DiGiuseppe 
et al., 1994; Anghel et al., 2003; Kanda et al., 1999). Neurological 
findings develop in about two-thirds of patients and usu¬ 
ally present as multifocal cerebrovascular events, subacute 
encephalopathy, spinal cord or nerve root vascular syndromes, 
or peripheral and cranial neuropathies (Beristain and Azzarelli, 
2002; Debiais etal., 2004; Glass etal., 1993). 

Brain infarction 

In the brain, intravascular lymphoma manifests primarily as 
multiple infarcts. Among patients with neurological symptoms, 
76% have multifocal infarcts (Glass et al., 1993). Reported symp¬ 
toms include confusion, rapidly progressive dementia, dysarthria, 
aphasia, diplopia, focal motor or sensory complaints, ataxia, para¬ 
paresis, vertigo, seizures, myoclonus, and incontinence (Baehring 
etal., 2003; Beristain and Azzarelli, 2002; DiGiuseppe etal., 1994; 
Ferreri et al., 2004; Gaul et al., 2006; Glass et al., 1993; Heinrich 
et al., 2005; Murase et al., 2007). Recurrent, focal neurological 
signs are often accompanied by a progressive encephalopathy 
(Imamura et al., 2006). The strokes may involve any area of the 
brain, although supratentorial infarcts are more prevalent than 
cerebellar or brainstem infarction (Baehring etal., 2005). The dif¬ 
ferential diagnosis often includes CNS angiitis, acute disseminated 
encephalomyelitis, progressive multifocal leukoencephalopathy, 
paraneoplastic encephalomyelitis, and Creutzfeld-Jakob disease 
(Gaul etal., 2006; Lozsadi etal., 2005). 
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Imamura etal. (2006) described a 75-year-old woman who pre¬ 
sented with multiple stroke-like episodes that initially responded 
to conventional stroke therapy. She first had a pseudobulbar palsy 
and was found to have a left frontal lobe infarct. Her deficits 
resolved. One month later, she developed acute onset sensory 
aphasia and had a new, left temporal lesion. The aphasia improved 
with antiplatelet therapy. The next month, she presented with con¬ 
fusion and was found to have diffuse, subcortical white matter T2 
lesions with gyriform enhancement. Biopsy revealed intravascular 
lymphoma. The stroke episodes and confusional state were asso¬ 
ciated with fever. She eventually died of pulmonary complications 
10 months later (Imamura etal., 2006). 

At our hospital, a 71-year-old, previously healthy woman pre¬ 
sented with headache and transient speech difficulty. Imaging, 
electroencephalogram (EEG), cerebrospinal fluid (CSF) profile, 
laboratory studies including erythrocyte sedimentation rate (ESR), 
and cardiac evaluation were all normal. One month later, she 
developed a fluent aphasia, balance difficulties, episodic con¬ 
fusion, and memory problems. She was found to have multi¬ 
ple acute infarcts in the bilateral cerebellar hemispheres and left 
thalamus. During the next weeks, she became increasingly con¬ 
fused and agitated and had incomprehensible speech. Repeat 
MRI showed a new, right parieto-occipital infarct. A brain biopsy 
showed intravascular lymphoma. Unfortunately, she was unable 
to receive chemotherapy because of poor performance status, and 
she died several weeks later. 

Encephalopathy and rapidly progressive dementia 

Other patients with cerebral pathology present with a gradual cog¬ 
nitive decline, subacute encephalopathy, or fluctuating level of 
consciousness. Encephalopathy is observed in 27% of intravascu¬ 
lar lymphoma patients and may be accompanied by focal neu¬ 
rological signs or seizures (Glass et al., 1993). These findings are 
attributed to multiple infarctions or are caused by other metabolic 
or infectious processes associated with the systemic disease 
process. 

Martin-Duverneuil et al . (2002) reported one such case of a 
44-year-old woman who complained of memory difficulties, men¬ 
tal slowing, hypersomnia, and headaches for 9 months. An MRI 
showed multiple, hyperintense areas in the white matter on 
T2-weighted images involving periventricular white matter, pos¬ 
terior portion of the corpus callosum, and cerebellar white matter. 
Brain biopsy revealed proliferation of atypical lymphoid cells in the 
lumen of small vessels. Despite chemotherapy and radiotherapy, 
her dementia progressed and she eventually became paraplegic. 
The patient died 1 year after presentation (Martin-Duverneuil 
etal., 2002). 

A German group reported another 80-year-old woman with no 
vascular risk factors who presented with cognitive slowing and 
impairment of concentration, short-term memory problems, and 
hallucinations (visual and auditory). Examination revealed tem¬ 
poral disorientation, naming difficulty, paraphasic errors, ideomo¬ 
tor apraxia, psychomotor agitation, and mild left-leg monoparesis. 
Imaging showed several small periventricular, T2-bright lesions, a 


cortical-subcortical left temporal lesion, and a left cerebellar white 
matter lesion. She died suddenly of a pulmonary embolism prior to 
further diagnostic work-up. At autopsy, there was accumulation of 
lymphoid cells within the small and medium leptomeningeal and 
intracerebral blood vessels which occasionally invaded the vas¬ 
cular wall. Where vessels were completely occluded, there were 
associated infarcts of the adjacent brain tissue (Heinrich et al., 
2005). 

Spinal cofd and radicular syndromes 

Glass etal. (1993) reported that 38% of patients with neurological 
symptoms had spinal cord involvement manifesting as parapare¬ 
sis (either spastic or flaccid), pain, and incontinence. Similarly, in 
a case series from Brigham and Women’s Hospital, those patients 
with spinal cord involvement had rapidly progressive parapare¬ 
sis, spasticity, allodynia, and bladder dysfunction (Baehring etal., 
2003). Occasionally spinal cord presentation is associated with 
good outcome (Debiais et al., 2004). Any spinal cord or root level 
can be involved, and pathology reveals involvement of associated 
blood vessels and infarction of the cord or affected roots. 

A 63-year-old man with progressive numbness and weakness 
in his legs followed by urinary retention and, later, language diffi¬ 
culty was found at postmortem examination to have intravascular 
lymphoma involving the spinal cord and brain. At presentation, 
he had a flaccid paraplegia, a T5 sensory level, and sphincter dys¬ 
function. MRI of the spinal cord showed T2-hyperintense lesions 
and gadolinium enhancement in the thoracic cord and conus. He 
was initially thought to have autoimmune encephalomyelitis and 
was treated with immunosuppressive therapy. He died 18 months 
after symptom onset of nosocomial pneumonia. At autopsy, he 
was found to have intravascular lymphoma involving the vessels 
of the brain, spinal cord, and skeletal muscle. 

Neuropathy 

Because of involvement of the vasa nervorum, intravascular 
lymphoma may also affect the peripheral and cranial nerves. 
The most commonly reported cranial nerve findings are facial, 
abducens, vestibulocochlear, oculomotor, trigeminal, and optic 
neuropathies (Glass et al., 1993). The peripheral neuropathy 
observed in intravascular lymphoma is a predominantly axonal 
neuropathy. As the peripheral nerves are commonly involved, 
these may serve as a potential site for diagnostic biopsy in symp¬ 
tomatic patients (Devlin etal., 1998). 

Intracranial hemorrhage 

Intracranial hemorrhage is an exceedingly rare complication of 
intravascular lymphoma. Lui etal. (2003) reported a 41-year-old 
woman who presented with eye pain, blurred vision from the left 
eye, left lateral gaze palsy, and mental status changes. She later 
developed disseminated intravascular coagulopathy and multior¬ 
gan failure. A CT scan revealed diffuse, subcortical hemorrhages. 
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The diagnosis of intravascular lymphoma was subsequently made 
at autopsy (Lui etal., 2003). 

Venous infarction 

The proliferation of lymphomatous cells within the venules and 
dural venous sinuses may lead to venous occlusion, infarction, and 
hemorrhagic transformation. Kenez et al. (2000) reported a case 
of a 43-year-old woman who presented with repeated episodes of 
seizure and aphasia followed by right hemiparesis and mental sta¬ 
tus changes. During her course, she was found to have multiple, T2- 
bright cortical and subcortical white matter lesions that fluctuated 
in their appearance. In addition, there was moderate hemorrhagic 
transformation. MR venogram showed a small lesion in the supe¬ 
rior sagittal sinus and vein of Galen, whereas the internal cerebral 
vein and the venous angle were not visualized. She died 9 months 
after the onset of the illness. Autopsy findings revealed neoplastic 
invasion of the walls of the superior sagittal sinus, meningeal veins, 
and small and medium-sized cerebral arteries. Areas of adjacent 
infarcted tissue were also identified. The authors surmise that the 
fluctuating MRI appearance reflected disturbed venous outflow 
and opening of collaterals due to lymphomatous venous occlu¬ 
sion (Kenez etal., 2000). 

Diagnostic studies 
Pathology 

Ultimately, the diagnosis of intravascular lymphoma must be 
made by pathologic examination of affected tissue. When neu¬ 
rological symptoms are present, a search for other sites more 
amenable to biopsy should be undertaken. In the absence of sys¬ 
temic involvement, a brain biopsy can be performed. In some 
series, brain biopsy was nondiagnostic in up to 60% of patients 
(Baehring et al. } 2003). In order to decrease such false-negative 
results, it is imperative that the tissue obtained from the brain be 
from a clinically involved region of the nervous system. 

Biopsy or postmortem examination of the brain in intravas¬ 
cular lymphoma shows distention and occlusion of small cere¬ 
bral and meningeal capillaries, arterioles, and venules by malig¬ 
nant lymphocytes (Figure 70.1). These lymphocytes usually have 
a B-cell phenotype (Figure 70.2), although they may rarely be of 
T-cell or natural killer (NK)-cell origin (Zuckerman et al., 2006). 
Vessel occlusion often coexists with brain infarction, sometimes 
hemorrhagic, distributed throughout the brain and spinal cord 
(Martin-Duverneuil et al., 2002). Occasionally, malignant cells 
extend beyond the vessel walls, but extravasation is exceptional 
(Beristain and Azzarelli, 2002). Other commonly involved organs 
include the skin, liver, spleen, bone marrow, kidney, lung, and 
prostate (Ferreri et al., 2004). Adrenal glands, thyroid, gallblad¬ 
der, nasal mucosa, and muscle are also sites of disease, whereas 
lymph nodes are usually spared (Glass etal., 1993). 

The explanation for the intravascular accumulation of lymphoid 
cells has not yet been elucidated. The neoplastic lymphocytes in 
some cases have been found to lack normal adhesion and homing 
molecules (specifically CDIIa/CD18) required for endothelial cell 



Figure 70.1 (a) Hematoxylin and eosin staining showing lymphocyte 
accumulation in small to medium-sized vessels in the brain, (b) Higher power 
hematoxylin and eosin staining showing lymphocyte accumulation in small to 
medium-sized vessels in the brain. See color plate. 



Figure 70.2 The tumor cells within the vessels stain with B-cell marker CD20. 
See color plate. 


binding and extravasation (Jalkanen et al., 1989). Other studies, 
however, have not replicated these findings and suggest that cell 
adhesion molecules may play a role in the intravascular replication 
of the neoplastic cells (Kanda etal., 1999). 


535 










Uncommon Causes of Stroke 


Imaging 

Like its clinical features, the diagnostic imaging results in patients 
with intravascular lymphoma are variable. CT and cerebral angiog¬ 
raphy may show characteristics of stroke and vessel occlusion, 
but findings are often nonspecific and, in many instances, these 
studies are normal. MRI seems to be more sensitive, though in 
one case series, brain MRI had a false-negative rate of nearly 50% 
(Ferreri et al., 2004). Similarly, MRI of the spine may be normal 
even in cases where extensive cord involvement is evident on 
pathologic examination (Devlin etal, 1998). Nevertheless, asymp¬ 
tomatic brain lesions may be detected in some cases, and MRI 
should be included in the staging and work-up of patients with 
suspected intravascular lymphoma, even in the absence of neuro¬ 
logical symptoms (Ferreri etal., 2004). 

In a report of the imaging findings of four intravascular lym¬ 
phoma patients and review of the literature, Williams etal. (1998) 
found that all patients with intravascular lymphoma had mul¬ 
tifocal abnormalities. These abnormalities included nonspecific 
white matter changes (45%), infarct-like lesions (36%), focal mass 
lesion (36%), and meningeal or parenchymal enhancement (64%). 
Common infarct patterns include multifocal lesions on diffusion- 
weighted imaging (DWI) in association with corresponding T2 sig¬ 
nal abnormalities, resolution of some DWI or T2 lesions along 
with the appearance of new lesions during the course of the 
disease, and gadolinium enhancement in proximity to T2 or 
DWI changes (Baehring et al. } 2003). In some patients treated 
with chemotherapy, DWI and fluid-attenuated inversion recov¬ 
ery (FLAIR) abnormalities were partially reversible relative to the 
response to treatment (Baehring et al., 2005). Intravascular lym¬ 
phomatosis has also been reported to mimic posterior leukoen- 
cephalopathy on MRI in a woman who presented with com¬ 
plete visual loss and confusion. The T2 hyperintensity involved 
the subcortical white matter of the parietal and occipital lobes 
including the U fibers, but sparing overlying cortex (Moussouttas, 
2002 ). 


Other studies 

Supportive diagnostic findings include an elevated ESR, anemia, 
and elevated lactate dehydrogenase. Bone marrow biopsy is often 
unrevealing. CSF analysis can be normal in intravascular lym¬ 
phoma, even in the presence of neurological signs (Lozsadi et 
al., 2005). More often, elevated CSF protein is found. About half 
of patients have a mild to moderate CSF pleocytosis (Beristain 
and Azzarelli, 2002). CSF cytology is usually negative for malig¬ 
nant cells, although rare exceptions of malignant lymphoid cells 
in the CSF do occur (Baehring et al., 2003; Ossege et al., 2000). 
Immunoglobulin G index may also be elevated (Moussouttas, 
2002 ). 

EEG can reveal background slowing indicative of diffuse cere¬ 
bral dysfunction, focal slowing in the areas of localized vascular 
infiltration, or paroxysmal activity in the setting of seizures. Occa¬ 
sionally, focal EEG abnormalities are seen prior to changes on MRI 
(Baumann etal., 2000). 


Treatment 

Various treatment options have been shown to improve symp¬ 
toms and outcome. Given the widespread nature of intravascu¬ 
lar lymphoma, systemic chemotherapy with anthracycline-based 
regimens has been the most commonly pursued treatment in the 
literature (cyclophosphamide, doxorubicin, vincristine, and pred¬ 
nisone [CFIOP] or rituximab [RJ-CHOP). In one case series of 22 
patients treated with chemotherapy, ten (45%) achieved a com¬ 
plete remission, three (14%) achieved partial remission, seven 
(32%) progressed, and two (9%) died of toxicity (Ferreri etal., 2004). 
Only five of these treated patients had CNS involvement, and four 
of them died within 4 months of diagnosis despite treatment. One 
patient with neurological symptoms who was treated with high- 
dose chemotherapy and autologous stem cell transplantation was 
alive and disease free at 19 months. The poor outcome among 
patients with neurological manifestations highlights the impor¬ 
tance of using chemotherapy regimens with adequate CNS pen¬ 
etration (Ferreri et al., 2004). High-dose methotrexate alone or in 
combination with CHOP has also been used in six patients with 
neurological findings; half of these patients had complete remis¬ 
sion (Baehring etal., 2003). 

In another series, 48% of ten patients treated with combina¬ 
tion chemotherapy achieved complete remission and were free 
of disease after >3 years of follow-up (DiGiuseppe et al., 1994). 
High-dose chemotherapy with autologous stem cell transplanta¬ 
tion was performed on two women with intravascular lymphoma. 
Both of these patients achieved complete remission and were 
relapse free up to 71 months from diagnosis (Ferreri et al., 2004). 
Systemic chemotherapy and intrathecal methotrexate in combi¬ 
nation with the anti-CD20 monoclonal antibody rituximab was 
shown to produce complete remission in three patients with sys¬ 
temic intravascular lymphoma, all of whom remained disease free 
at 24-45 months of follow-up (Bouzani etal., 2006). Steroids and 
plasmapheresis have also been used with temporary alleviation of 
symptoms (Harris etal., 1994). 

Conclusion 

Intravascular lymphoma is an extremely rare malignancy that 
evades diagnosis because of its rarity, variable clinical presenta¬ 
tion, and lack of definitive diagnostic findings other than biopsy. 
Inclusion of intravascular lymphoma in the differential diagnosis 
of multifocal brain infarctions may improve yield of antemortem 
diagnosis and therefore increase access to available treatments. 
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OTHER CONDITIONS 

Louis R. Caplan 


A number of unrelated vascular conditions that are potential 
causes of stroke have not been included as complete chapters 
in this edition of Uncommon Causes. Some of these conditions, 
which I summarize briefly in this final chapter, are rare whereas 
others are more common, but stroke is an unusual or minor feature 
of the condition. 

Aortic dissections 

Aortic dissections have been recognized since the time of Morgagni 
more than 200 years ago. Moersch and Sayre (1950) were the first to 
emphasize the importance of neurological complications of aortic 
dissection. The first analysis of a large number of cases of aortic dis¬ 
section was by Hirst etal. (1958). They reported the findings among 
505 cases of documented dissection of the aorta and emphasized 
the difficulty in diagnosis. Others have defined the various types 
and locations of the dissections, the frequency of various symp¬ 
toms and signs, diagnostic testing results, outcomes, and treat¬ 
ment (DeSanctis et al., 1987; Hagan et al., 2000; Spittell et al., 
1993). Some reports analyze the neurological features of aortic 
dissection (Chase etal., 1968; Gaulefa/., 2007; Gerber ef al., 1986). 

Aortic dissections are often classified into two large groups: type 
A that involves the ascending aorta and type B that begins beyond 
the aortic arch. The dissection originates in the ascending aorta in 
about two-thirds of patients, and the transverse portion of the aor¬ 
tic arch in 10% (Crawford, 1990). In another one-fifth of patients, 
the dissection begins in the proximal descending aorta beyond 
the origin of the left subclavian artery and in the distal descend¬ 
ing aorta in only about 5% of cases (Crawford, 1990). Dissections 
can be short, extending only a few centimeters, or be quite long, 
extending almost from the ascending aorta to the iliac arteries. The 
cleavage plane in the media of the aorta usually occupies about half 
and sometimes the entire circumference of the aorta (Crawford, 
1990; Roberts, 1981). The plane of dissection (false lumen) charac¬ 
teristically follows the curvature of the ascending aorta and arch. 
The false lumen containing the hematoma almost always commu¬ 
nicates with the true lumen through an intimal tear located near 
the proximal end of the dissection (Crawford, 1990; Roberts, 1981). 

When the dissection begins in the ascending aorta, the large 
brain and arm supplying branches of the aorta are often obstructed 
by the intramural hematoma. Partial obstructions can become 
complete by promoting local thrombus formation or by an intimal 
tear forming a flap that blocks the lumen (Hirst et al., 1958). Occa¬ 
sionally the aortic dissection extends into the cervical portions of 
the arteries (Stecker et al., 1997). Table 71.1 contains data about 


the location of dissections and the aortic branch arteries com¬ 
promised among 505 cases reviewed. Dissections can also extend 
into the aortic valve causing acute aortic insufficiency and can 
block the orifices of the coronary ostia above the aortic valve caus¬ 
ing myocardial ischemia. The dissections can also rupture into the 
chest causing shock and into the pericardium causing cardiac tam¬ 
ponade. Chronic dissecting aneurysms can also cause obstruction 
of the superior vena cava. 

Aortic dissections are 2-3 times more common in men than in 
women (Hirst etal. 1958). In nearly all patients, histological anal¬ 
ysis of the aorta reveals some degree of medial degeneration. The 
most common presentation of aortic dissection is pain (DeSanctis 
etal., 1987; Hagan etal., 2000; Hirst etal., 1958; Spittell etal., 1993). 
The location of pain varies considerable and can be in the chest, 
back, abdomen, or head and neck. Occasional patients have pain¬ 
less dissections (Gerber et al. , 1986). The blood pressure is usually 
normal or high, but in about one-quarter of patients hypotension 
is found on presentation to the hospital, and about one in eight 
patients presents in shock (Hagan et al., 2000). Examination may 
show a loss of the pulse, especially of the common carotid, left sub¬ 
clavian, and femoral arteries. Bruits are often heard over the neck 
arteries. About 30% of patients have neurological symptoms, but a 
smaller percentage (about 6% of those with a proximal aortic dis¬ 
section) present with an obvious stroke (Hagan etal. , 2000). Among 
7000 autopsies performed at the Massachusetts General Hospital 
between 1959 and 1965, there were 54 persons with nontraumatic 
dissections of the ascending aorta, among whom 16 (30%) had sys¬ 
tems, signs, and pathological evidence of brain ischemia (Chase 
etal., 1968). 

Neurological presentations are divided into four major types: 

1. Stupor and coma due to systemic hypoperfusion or caused by 
blockage of multiple aortic brain-supplying branches 

2. Focal or multifocal brain infarcts caused by obstruction of one 
or more branches or because of extension of the dissection into 
one or more of the brachiocephalic arteries 

3. Spinal cord ischemia and infarction 

4. Ischemic peripheral neuropathy caused by blockage of arteries 
supplying a limb. 

In the large compilation of cases of Hirst etal. (1958), 95/505(19%) 
patients had prominent neurological findings; two thirds of the 
patients with neurological signs had unilateral motor and/or sen¬ 
sory signs indicating a focal brain deficit, and 27 (28%) were para¬ 
plegic due to spinal cord infarction. In another series, among 236 
patients, only 13 (5.5%) had prominent neurological findings - 
six paraparesis, two coma, three focal cerebral signs, and two 
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fable 71.1 Location and arteries compromised among 505 cases 


Location within the aorta (among 398 patients) 

Ascending aorta, 244 (61%) 

Aortic arch, 37 (9.2%) 

Arterial origins obstructed 
Iliac, 132 (26%) 

Innominate, 67 (13%) 

Right common carotid, 27 (5%) 

Right subclavian, 15 (3%) 

Left common carotid, 59 (12%) 

Left subclavian, 48 (9.5%) 

Source: Hirst etal., 1958, with permission. 

ischemic neuropathy (Spittell et al., 1993). Comatose presenta¬ 
tions are most common in patients who are hypotensive on admis¬ 
sion. Hypotension or frank shock is usually associated with rup¬ 
ture of the aorta into the pleural or pericardial spaces (DeSanctis 
etal., 1987). Some have had cardiac tamponade related to the large 
amount of blood discharged under arterial pressure rapidly into 
the pericardium. Coexistence of blockage of the aortic cervico- 
cranial arteries often leads to concurrent important brain infarcts 
in these comatose patients. Occasionally coma is related to inter¬ 
ruption of multiple brain-supplying arteries without concurrent 
hypotension. Paraparesis or paraplegia is a complication of dissec¬ 
tion of the descending aorta blocking the artery of Adamkiewicz 
and other aortic branches that supply the spinal cord. 

In some patients the dissection in the aorta extends into the 
brachiocephalic branches of the aorta. Zurbrugg etal. (1988) used 
duplex ultrasonography to study the carotid arteries in 39 patients 
years after aortic dissections and found that 13 had carotid artery 
dissections. SLecker el al. (1997) imaged the brachiocephalic arter¬ 
ies in 24 patients within 1 month of acute aortic dissections using 
duplex ultrasound and enhanced MRI and CT studies. They found 
that half of the 20 innominate arteries studied contained dissec¬ 
tions whereas two-hfths of the left common carotid and left subcla¬ 
vian arteries were dissected. Dissections were much less common 
in arteries located at a distance from the arch (SteckerefaZ., 1997). 

Rapid diagnosis using modern imaging techniques and treat¬ 
ment is essential in this highly morbid and mortal condition. 

Radiation-induced vascular disease and strokes 

Radiation-related damage to tissues and blood vessels has long 
been recognized, but the realization was markedly increased after 
the atom bomb explosions in Hiroshima and Nagasaki. Herein I 
will comment only on bloodvessel-related damage after iatrogenic 
therapeutic radiation for malignant diseases. 

The frequency of delayed radiation-related strokes has been 
studied most thoroughly in children. In reports from the Child¬ 
hood Cancer Survival Study, strokes were most common after radi¬ 
ation therapy for leukemia, brain tumors, and Hodgkin’s disease 
(Bowers et al., 2005, 2006). The relative risk of stroke in leukemia 
survivors was 6.4 (95% confidence interval, 3-13.8) and29forbrain 


Table 71.2 Patterns of radiation-induced brain and 
vascular presentations 


1. Acute radionecrosis presenting as a focal brain mass 

2. Chronic dementing brain disease 

3. Moyamoya obliteration of basal arteries, especially in children and 
young adults 

4. Focal brain infarcts and strokes in patients with stenosis of 
intracranial arteries 

5. Stenosis of extracranial arteries found in patients who have no brain 
symptoms or have transient ischemic attacks or strokes 


tumor survivors (95% confidence interval, 13.8-60.6) (Bowers etal. 
(2006). The mean cranial radiation therapy dose was associated 
in a dose-dependent manner with the frequency of later stroke 
(Bowers et al., 2006). Hodgkin’s disease survivors also had a very 
high rate of late strokes (83.6 per 100 000 person-years), especially 
after mantle radiation therapy (Bowers etal., 2005). 

The pathology of radiation-induced brain damage empha¬ 
sizes vascular injury. Vascular lesions are time, location, and 
dose dependent (Fajardo and Berthrong, 1988). Capillaries and 
sinusoids are most vulnerable, followed by arterioles and small, 
medium-sized, and large arteries (Dion et al. } 1990; Fajardo and 
Berthrong, 1988). Endothelial cells are most vulnerable (Fajardo 
and Berthrong, 1988; Haymaker et al., 1968; St Louis et al., 1974). 
The pathology includes denudation of the endothelial layer; infil¬ 
tration of foam cells, histiocytes, fibrin, fibroblasts, and collagen 
in the subendothelium and intima; myointimal proliferation and 
fibrosis and sometimes calcification; narrowing of arterial lumens; 
thinning and fragmentation of the elastic membranes; and adven¬ 
titial fibrosis (Burger etal., 1979; Conomy and Kellermeyer, 1975; 
Fajardo and Berthrong, 1988; Haymaker et al., 1968). Often ves¬ 
sels are surrounded by perivascular chronic inflammatory cells 
(Burger etal., 1979; Haymaker etal., 1968; Rizzoli and Pagnanelli, 
1984). Thrombi are often present within damaged vessels. 

Some authors have emphasized worsening of atherosclerosis as 
a major complication of therapeutic radiation.(Cheng et aZ.,1999, 
Murros and Toole, 1989) The endothelial and intimal abnormal¬ 
ities induced by irradiation could increase permeability to lipids 
(Atkinson etal., 1989; Silverberg etal., 1978). Inflammation is also 
known to accelerate atherosclerosis and is prominent in histo¬ 
logical sections of vessels and brain tissue. Vascular imaging in 
patients with therapeutic radiation often shows lesions in areas 
that are often involved in atherosclerosis, in unusual areas, and 
also invariably within the field of irradiated tissue. 

Clinically, there are several patterns of presentation in patients 
with radiation-related brain and vascular injury. These are listed 
in Table 71.2. Patients may present acutely with brain focal mass 
lesions, transient brain ischemia, or strokes. (Kang etal. (2002) Oth¬ 
ers develop a chronic syndrome related to brain atrophy and mul¬ 
tiple small, presumably vascular lesions. Vascular occlusive lesions 
are often found intracranially and extracranially, some in usual loci 
for atherosclerosis and some in unusual areas for atherosclerosis. 

Patients treated with radiation to the nervous system often 
present months and years later with focal mass lesions. These 
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lesions can involve the brain or spinal cord. Biopsy of these lesions 
shows fibrinoid degeneration of blood vessels, coagulative necro¬ 
sis, and gliosis (Glantz et al., 1994). In some patients, multifo¬ 
cal enhancing lesions are found that represent radiation necrosis 
(Peterson etal., 1995). In other patients, the brain damage is more 
diffuse, and a clinical picture of dementia with other neurological 
signs develops insidiously years after brain radiation (DeAngelis 
et al., 1989). These patients have brain atrophy and a leukoen- 
cephalopathy characterized by hyperintensity of the white matter 
and loss of white matter substance. Enhancement of focal lesions 
is also found in some patients with this diffuse dementing syn¬ 
drome (DeAngelis etal., 1989). 

Children who have been irradiated for brain tumors may develop 
a moyamoya pattern of intracranial arterial occlusion (Bitzer and 
Topka (1995). Ullrich etal., 2007). Among 345 children (average age 
at start of therapy 101 = 54 months) who were irradiated for brain 
tumors, 33 (10%) had prominent vascular abnormalities during 
follow-up that averaged 4 1/2 years. Among those with vascular 
lesions, 12 had a moyamoya pattern. Vascular ectasia and focal 
regions of narrowing were also common, and many had brain 
infarcts. The presence of neurofibromatosis type 1 and higher radi¬ 
ation doses were associated with the development of moyamoya 
(Ullrich etal., 2007). 

Positing that some or much of the brain damage might be 
because of brain ischemia related to the radiation-induced small- 
vessel vasculopathy, anticoagulants (Glantz et al., 1994; Rizzoli 
and Pagnanelli, 1984) and pentoxifylline (Dion et al., 1990), an 
agent with hemorrheological properties, have been considered to 
be possibly useful in ameliorating the nervous system damage, but 
there are few convincing studies. 


Hypereosinophilic syndrome 

A markedly increased number of eosinophils in the periph¬ 
eral blood can be caused by a neoplastic process (eosinophilic 
leukemia), represent a reactive process to a systemic condition, 
or reflect an idiopathic condition usually referred to as a hyper¬ 
eosinophilic syndrome. Hypereosinophilia is most often a sec¬ 
ondary process in response to drugs, allergies, and/or parasitic 
diseases (Durack et al., 1979; Fauci, 1982; Fletcher and Bain, 2007). 
In these reactive conditions, the eosinophils are not clonal and are 
produced in response to eosinophilopoietic cytokines (Fletcher 
and Bain, 2007). 

Recently, four partner genes that fuse to platelet-derived growth 
factor receptor, alpha polypeptide (PDGFRA) to encode an active 
tyrosine kinase that drives clonal eosinophil production have 
been described (Bain, 2004; Fletcher and Bain, 2007; Robyn 
et al., 2005; Tanaka et al., 2006). The most common abnormal¬ 
ity is a microdeletion on chromosome 4ql2 resulting in (FIPIFI)- 
PDGFRA fusion (Bain, 2004; Fletcher and Bain, 2007). Patients 
with this genetic abnormality are now considered to have (or to 
develop) eosinophilic leukemia or systemic mastocytosis (Bain, 
2004; Fletcher and Bain, 2007; Robyn et al., 2005; Tanaka et al., 
2006). Patients with the hypereosinophilic syndrome do not have 
this genetic finding. 


fable 71.3 Mechanisms of eosinophil-induced neurotoxicity 


Direct neural tissue infiltration 

Damage related to eosinophil function by direct cytotoxicity or by 
antibody-dependent cellular cytotoxicity 
Damage related to eosinophil products, by secretion into neurons, or 
by secretion of intracytoplasmic granules contained in the 
circulation, with subsequent damage to neural tissue 
Embolic cerebral infarction related to local development of thrombi or 
a generalized hypercoagulable state 
Nervous system damage secondary to eosinophil-mediated action in 
remote organ systems 


The idiopathic hypereosinophilic syndrome is a leukoprolifer- 
ative disorder characterized by cytokine-induced overproduction 
of eosinophils with resultant multiorgan infiltration and damage. 
The diagnostic criteria include evidence of end organ damage, 
exclusion of all other causes of eosinophilia, and a sustained abso¬ 
lute eosinophil count of 1500 cells/p.1 that has been present for at 
least 6 months (Osowo etal., 2006). 

Eosinophils have several toxic effects that can damage brain and 
other tissues. Both the central and peripheral nervous system can 
be affected bythese undesirable toxic effects (Dorfman etal., 1983; 
Du rack el al., 1979; Fauci, 1982). 

The potential mechanisms of eosinophil-induced neuronal 
damage are multiple and are noted in Table 71.3 (Weaver et al., 
1988). Proteins derived from eosinophils can potentially injure 
cells and tissues. Three basic proteins have been isolated: medial- 
basic protein, eosinophil-cationic protein, and eosinophil-derived 
neurotoxin (Durack et al., 1979). Release of medial-basic pro¬ 
tein can damage endothelial cells and can promote thrombo¬ 
sis and artery-to-artery emboli (Durack et al., 1979; Fauci, 1982). 
Eosinophil-cationic protein can contribute to a thrombotic ten¬ 
dency. Eosinophil-derived neurotoxin has a direct toxic action 
on neuronal tissue and on myelinated axons. In patients with 
eosinophilic leukemia, a high leukocrit can pack small blood 
vessels and contribute to thrombosis and small hemorrhages 
(Kawanami et al., 2002), and accompanying thrombocytopenia 
can promote bleeding in the brain and other organs. 

Loeffler’sendomyocardiopathy(Corssmitefa/., 1999) isattimes 
complicated by cardiac thrombi (Kocaturk and Yilmaz, 2005) 
and peripheral venous (Terrier et al., 2006) and peripheral limb 
small and large arterial occlusive thrombosis (Chusid et al, 1975; 
Funahashi et al., 2006; Ponsky et al., 2005). Endothelial injury 
and hypercoagulability are often manifest in systemic vessels. The 
three most common clinical neurological syndromes that repre¬ 
sent eosinophil-induced neurotoxicity are axonal peripheral neu¬ 
ropathy, dementia, and stroke (Dorfman etal., 1983; Weaver etal., 
1988). 

Brain infarction is most likely attributable to medial- 
basic protein-mediated endothelial damage, eosinophil-cationic 
protein-mediated hypercoagulability, and eosinophil-mediated 
cardiopathy. The patient reported by Weaver etal. (1988) first had a 
left occipital cerebral infarction followed 3 months later by a right 
parietal cerebral infarction. Dementia developed 1 year later, and 
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neurophysiological study showed a polyneuropathy (Weaver etal., 
1988). 

Management consists of the treatment ofhypereosinophilia and 
includes prednisone and hydroxyurea. Interferon-a (Yoon et al., 
2000) and monoclonal antibodies (Fletcher and Bain, 2007) have 
also been used effectively. Concerning embolic cerebral infarc¬ 
tions, Weaver etal. (1988) recommended anticoagulation in pref¬ 
erence to antiplatelet therapy. 

Lymphomatoid granulomatosis 

Lymphomatoid granulomatosis is an angiocentric lymphopro- 
liferative condition predominantly affecting the lungs that was 
first described by the pathologist Dr. Averill Liebow (Katzenstein 
et al., 1979; Liebow et al., 1972). The pathology of this condition 
is rather distinct. Lesions consist of focal regions of polymorphic 
lymphoid infiltrates composed of lymphocytes, plasma cells, and 
large atypical mononuclear cells with frequent necrosis within the 
lymphoid nodules. The term granulomatosis was used by Liebow 
to describe the focal regions of necrosis, not to denote granulo¬ 
matous inflammation (as would be found in tuberculosis and sar¬ 
coidosis) (Myers, 1990; Pisani and DeRemee, 1990). The abnormal 
lymphoid collections are centered around arteries and veins with 
transmural infiltration of the walls of the vessels by the lymphoid 
cells. 

Series of cases show that men are affected more than women 
in a range of 2:1 or 3:; most often symptoms and signs develop in 
the fifth or sixth decade of life (Fauci etal., 1982; Katzenstein etal., 
1979; Koss et al., 1986; Myers, 1990; Pisani and DeRemee, 1990), 
although occasional patients develop the condition in their teens 
(Mizuno etal., 2003). The clinical course varies considerably with 
some reports of prolonged courses and even spontaneous remis¬ 
sions (Schmidley, 2008). Pulmonary symptoms and signs predom¬ 
inate (Calfee etal., 2007; Hochberg et al., 2006; Katzenstein et al., 
1979). Lymphomatoid granulomatosis has recently been found to 
be caused by an Epstein-Barr viral infection of B lymphocytes and 
is classified as an Epstein-Barr virus-associated form of lympho- 
proliferative disease (Hochberg et al., 2006; Wilson et al., 1996). 
Lower grades of lymphomatoid granulomatosis may represent 
B-cell proliferation of as yet uncertain malignant potential, 
whereas severe lymphomatoid granulomatosis is considered a 
mature, diffuse B-cell form of lymphoma accompanied by an 
extensive but benign T-cell reaction (Schmidley, 2008). 

The lung and brain regions of necrosis are presumably related to 
infarction caused by the cellular vascular infiltrate (“angiitis”). This 
condition differs from neoplastic angioendotheliosis (intravascu¬ 
lar lymphoma described in Chapter 70) in which the lymphoma- 
tous cells pack the blood vessels, whereas in lymphomatoid gran¬ 
ulomatosis the abnormal cells invade the vessel walls causing 
vessel-related damage to the tissue supplied. Some patients have 
responded to immunosuppressant treatment, in terferon-a2b, and 
rituximab (Calfee etal., 2007; Hochberg etal., 2006; Mizuno etal., 
2003; Wilson etal., 1996). 

The most common extrapulmonary findings are in the skin and 
nervous system - each accounting for about one-third of patients. 
The skin lesions usually consist of a raised erythematous rash and 


occasionally skin nodules, especially on the trunk. Central ner¬ 
vous system (CNS) lesions are more common than are cranial or 
peripheral neuropathies, and usually consist of focal and multifo¬ 
cal brain mass lesions (Fauci et al., 1982; Katzenstein et al., 1979; 
Koss etal., 1986). 

The neurological symptoms usually have a gradual onset and 
consist of multifocal abnormalities - loss of cognition, amnesia, 
hemiparesis, ataxia, and so forth. Sudden-onset deficits compati¬ 
ble with strokes are not described. The symptoms and signs usually 
accumulate during months to years. 

Reviews of the MRI findings in patients with lymphomatoid 
granulomatosis emphasize multifocal small and large mass-type 
lesions that involve the cerebral hemispheres and sometimes the 
brainstem and cerebellum (Bhagavatula and Scott, 1997; Carone 
etal., 2006; Patsalides etal., 2005; Tateishi etal., 2001). The lesions 
usually enhance with gadolinium either in a punctate or linear 
fashion, but sometimes ring enhancement is noted. Brain atro¬ 
phy may develop during months to years. Enhancement of the 
leptomeninges and dura mater sometimes occurs as does cranial 
nerve enhancement. The lesions can involve the orbit and cav¬ 
ernous sinuses (Patsalides etal., 2005). The spinal fluid sometimes 
reveals a slight pleocytosis. 

Divry-van Bogaert syndrome 

Diffuse meningocerebral angiomatosis and leukoencephalopathy 
is a congenital recessively transmitted condition that involves both 
adults and children (van Bogaert, 1967; Vonsattel and Hedley- 
Whyte, 1989). This syndrome was first described in 1946 by Divry 
and van Bogaert, who had examined three brothers who had livedo 
reticularis and who gradually developed dementia, seizures, and 
pyramidal signs that developed in all three brothers about 15 
years after the diagnosis (van Bogaert, 1967). Autopsy showed 
leptomeningeal “angiopathies” and brain infarcts. Demyelination 
was also present (van Bogaert, 1967). 

Two forms have been traditionally separated. The adult-onset 
form includes skin lesions and neurological findings. The skin find¬ 
ings consist of the presence of a diffuse symmetrical livedo retic¬ 
ularis, which can increase at the onset of neurological problems. 
Skin biopsies show increased dermal capillaries with focal loss of 
“zonulae occludens” between endothelial cells (Alarcon-Segovia 
and Sanchez-Guerrero (1989); van Bogaert, 1967). The neurologi¬ 
cal findings include seizures, dementia, and motor disturbances. 
Among these symptoms, cognitive and behavioral abnormalities 
predominate (van Bogaert, 1967; Vonsattel and Hedley-Whyte, 
1989). Motor signs are related to the presence of brain infarcts. 
Generally, death occurs between 10 and 15 years after the onset of 
neurological symptoms (van Bogaert, 1967; Vonsattel and Hedley- 
Whyte, 1989). 

In the infantile form, the onset of symptoms occurs after the age 
of 3 years (van Bogaert, 1967). In one patient, a poliomyelitis vacci¬ 
nation was the presumptive cause (Vonsattel and Hedley-Whyte, 
1989). This form includes skin anomalies and neurological disor¬ 
ders. In contrast to the adult form, skin lesions can be absent in 
children but do not differ from those found in the adult form, when 
present (van Bogaert, 1967; Vonsattel and Hedley-Whyte, 1989). 
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The neurological signs include seizures, motor involvement, and 
cognitive decline. The duration of the disease is shorter in adults, 
and death occurs generally within 24 months after onset of neu¬ 
rological signs (van Bogaert, 1967). 

Neuropathologic abnormalities are brain infarcts, demyelina- 
tion of white matter, and cerebromeningeal angiomatosis, which 
is the most constant and pathognomonic finding of this disease 
(Bussoneeffl/., 1984; Julienefa/., 1971;van Bogaert, 1967;Vonsattel 
and Hedley-Whyte, 1989). It is a large corticomeningeal network 
with vascular congestion and multiple vessel occlusions. Micro¬ 
scopic examination shows fibrotic changes of the vascular walls 
with fatty degeneration and amyloid deposits. These abnormali¬ 
ties lead to multifocal cerebral infarctions in the gray and white 
matters. In addition, demyelination of the central white mat¬ 
ter is observed in nearly all the patients, and consists of axonal 
and oligodendrocytic loss with astrogliosis (van Bogaert, 1967). 
These abnormalities occur mostly predominantly around blood 
vessels. 

Distinction of the syndrome described by Divry and van Bogaert 
from Snedden’s syndrome (Chapter 56) is difficult and arbitrary 
(Elbe et al., 1987). At the time of the original description, neither 
brain nor vascular imaging was available and anti-phospholipid 
antibody testing was unknown. The only distinction between the 
two designated conditions is the meningeal neovascularization 
described in the Divry-van Bogaert syndrome. However, there are 
few autopsies in patients with Sneddon’s syndrome, so the extent of 
meningeal vascular changes is unclear. The two conditions should 
be thought of as a continuum of conditions that cause livedo retic¬ 
ularis and small-artery CNS strokes, some ofwhich are genetically 
determined and familial, and some are associated with high titers 
of anti-phospholipid antibodies. 


Blue rubber bleb nevus syndrome 

The Blue rubber bleb nevus syndrome is a very uncommon 
systemic disorder characterized by cutaneous and visceral cav¬ 
ernous hemangiomas. The name comes from the nature of the 
skin lesions, which are characteristically rubbery textured and 
easily compressible. The skin lesions are usually bluish purple, 
are present in childhood, and occur mostly over the trunk and 
extremities (Bedocs and Gould, 2003). Gastrointestinal angiomas 
appear most often in the small bowel, a site that appears to domi¬ 
nate visceral involvement. Brain angiomas have been described 
early in life (Kim, 2000). Angiomas may also involve the orbit, 
occasionally bilaterally (Chang and Rubin, 2002). Developmen¬ 
tal venous anomalies are also sometimes found (Gabikian et al., 
2003). 

Patients with the blue rubber bleb nevus syndrome may present 
with anemia from chronic gastrointestinal bleeding, and require 
lifelong treatment with iron and blood transfusions. Often there 
are many angiomatous lesions that are located throughout the 
gastrointestinal tract. Some have treated these lesions surgi¬ 
cally with success (Fishman et al, 2005). Children and young 
adults may present with seizures (Bedocs and Gould, 2003) or 
progressive focal neurological deficits (Satya-Murti et al., 1986). 


Brain imaging usually reveals multiple angiomatous lesions, some 
large. 
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